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Description 



BACKGROUND OF THE INVENTION! 



Th substituted peptidyl derivatives useful in the treatment of inflammation in lung, central 

nervous system, kidney, pints, endocardium, pericardium, eyes, ears, skin, gastrointestinal tract and urogenital system 
More particular y, this invention relates to substituted peptidyl lactones and open forms thereof that are useful inlLoTs 

' " 9 6nZyme (,CE) ,n,erl8Ukin " 1 P C ° nVertin9 enz * me < ICE > has been Pitied as he z me 

responsible for converting precursor interleukin-1p (IL-1p) to biologically active IL-1B 

Mammalian interleukin-1 (IL-1) is an immunoregulatory protein secreted by cell types as part of the inflammatory 

Zbeen " ^ reSP ° nSib ' e "" 1 Pr ° dUC,i ° n iS ,he P^«- «*»d monocyte. Other c typeTS 

also been described as releasing or containing IL-1 or IL-1 like molecules. These include epithelial cells (Luger et al 

82. 115-122 (1988), connective tissue cells (Ollivierre etal., Biochem. Biophys. Res. Comm 141 904-911 (1986) Le 
e. al, J. mmunol. 1 38: 2520-2526 (1 987), cells of neuronal origin (Giulian et al., J. Esp. Med 164 594 604 Sand 
leukocytes (toaeta J. Immunol. 136: 1688-1692 (1986), Acres et al., Mol. Immune. 24: 479-485 (1987) Acres 
et al J. Immunol. 138: 2132-2136 (1987) and Lindenmann e. al., J. Immunol 140' 837-839 (1988) 

Biologically active I L-1 exists in two distinct forms, IL-1 « with an isoelectric point of about pi 5.2 and IL-1 B with an 

72 ,or m rr molecu,ar mass of about 17 > 500 al < J Es p- 

sh^wina aboufpT W ho ' \ ^ & ^ ™ ° 984) ThG P^P'*" evolutionarily conserved, 

show ng about 27-33% homology at the ammo acid level (Clark et al., Nucleic Acids Res. 14: 7897-7914 (1986) 

kDaS^T i p ' S S r!, he A SiZ ! d e aS 3 Ce " aSS0Cia,ed P recursor Polypeptide with a molecular mass of abou 31 4 
an S ,? • T ,f ' ^ C3d SC ' USA 831 3972 " 3976 (1 986) - Precursor IL " 1 P is unabl * to bind to IL-1 receptors 
uoo so lf " i /"'I ( ^ * aL ' J ' Bi °' Ch6m - 2621 2941 " 2944 (1 987 '- Biol °9 ical *<*™« ^Pears dependent 

^S^iSjr^* Pr0CeS f 9 WhiCh reSU ' ,S in thS C0nV6rsi0n 0f the P recursor 31 5 k ° a form to the mature 
17.5 kDa form. Evidence is growing that by inhibiting the conversion of precursor IL-1 (J to mature IL-1B one can ef- 
fectively inhibit the activity of interleukin-1. ' 

Mammalian cells capable of producing IL-1B include, but are not limited to, karatinocytes, endothelial cells me- 

cTs 3 ™,' thy t m,C T epith H e !f; Ce " h S ' d6rmal ,ibr0blaS,S ' chond ^tes, astrocytes, glioma ce„s, monon a phago- 
cytes, granulocytes, T and B lymphocytes and NK cells. 

ar. 1!T? V J J k °PP ann u eim > el al Immunology Today, vol. 7(2):45-56 (1986), the activities of interleukin-1 

the ,Zl!, r ^ ? atab ° lin ' 8 faC, ° r ,h3t Pr0m ° teS d6 9 rada,ion of cartila 9 e a'so exhibited 

the thymocyte comitogenic activities of IL-1 and stimulates chondrocytes to release collagenase neutral proteases and 

ZT» S ? ' n f " l6adS 10 Pr ° ,e0lySiS ' ' he re ' eaSe ° f amino acids and ' in the 'ona run, muscle wasting and 
appears to represent a fragment of IL-1 with fever-inducing, acute phase response and thymocyte co-mi.ogenic acTv 

to mtninllno?? 6 ? ^ °T * in,,ammation and w ° und healing. Subcutaneous injection of IL-1 leads 

to ma gination of neutrophils and maximal extravascular infiltration of the polymorphonuclear leukocytes (PMN) In 

S^JSTT, ? a T em0t3CtiC at,raC,ant f ° r PMN ,0 3C,iVa,e PMN 10 metab0,ize 9' ucose m °re rapidly o 
1 o S h K t0 K re ' eaSe th6ir ' ySOZOmal 6nZymeS - End0thelial cells are sti « d * proliferate by 

IL- to produce thromboxane, to become more adhesive and to release procoagulan. activity. IL-1 also enhances 

ZZll ^TT" "T"* ^ ^ M{aSX pr0,i,era,ion and alkaline Phosphatase product o 
11 STro^ ? , , feSOrb b ° ne macr °P ha 9 es have been reported to be chemotactical.y attracted to 
IL-1 to produce prostaglandins in response to IL-1 and to exhibit a more prolonged and active tumoricidal state 

in hoL IoT T ""T™ a " nt Capab,e Up ° n infuSion into mice °' causin 9 hypercaleemia and increas 
in bone resorptive surface as revealed by his to morphometry Sabatini, M. et al., PNAS 85 5235-5239 1988 

but a^limL^in in, I 3 ' 88 5 WhlCh ' CE inhibit ° rS °' F ° rmUla ' may be USe,ul as thera P eutic a 9 ents ™lude. 
but are not limited to, infectious diseases where active infection exists at any body site, such as meningitis and salp- 

raS diZ ° f in,eC,, '° nS T*" S8P,iC Sh ° Ck ' di ~* d intravascular coaguiation, andTadu , r s - 

atory distress syndrome; acute or chronic inflammation due to antigen, antibody, and/or complement deposition- in- 

lToc m arS7 s C ° , T, inClUdin9 : rthri,iS ' Ch °' an9i,iS < C0 ' i,iS = enCepha,itis ' endocarditis ' 9lome P u.onephS hSi tfe. 

sT o PF inh ; S p Pen T rd,t,S ' rePerfUSi ° n injUfy 8nd VaSCUN,iS leases which may be respond 

TZ l ! ? m ' nClUde bUt n0t ' imited ,0 COnditions involvin 9 T - cel,s and/ or macrophages such 

W Ihl hype : sen f V'* 9 fa " r «joction, and graft-versus-host-disease, auto-immune diseases 'eluding 

IZ LrST T m ^ tl P le j sclerosis ICE inhib «ors of Formula I may also be useful in the treatment of bone 

TuT^ rTT 33 88 d,SeaSGS reSUltin9 in eXCSSSiVe dep0si,ior1 of ^racellular matrix. Such diseases 
include penodonate diseases interstitial pulmonary fibrosis, cirrhosis, systemic sclerosis, and keloid formation ICE 
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inhibitors of Formula I may also be useful in treatment of certain tumors which produce IL 1 as an autocrine growth 
factor and in preventing the cachexia associated with certain tumors. 

SUMMARY OF THE INVENTION 

Novel peptidyl aldehydes, ring chain tautomers and hydrates thereof of formula I are found to be potent inhibitors 
of interleukin-1p converting enzyme (ICE). Compounds of formula I are useful in the treatment of deseases including 
inflammation in lung, central nervous system, kidney, joints, endocardium, pericardium, eyes, ears, skin, gastrointes- 
tinal tract and urogenital system. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention encompasses compounds of formula I. 



° H 




AA, - AA 2 - AA 3 - N- Y 



or a pharmaceutical^ acceptable salt thereof thereof: 
wherein Y is: 



30 OH R 2 M R 10 O OR n 



Rj is 



(a) substituted C A _ 6 alkyl, wherein the substituent is selected from 

40 (1) hydrogen, 

(2) hydroxy, 

(3) chloro or fluoro, and 



(b) aryl C^g alkyl wherein the aryl group is selected from the group consisting of 



(1) phenyl, 

(2) naphthyl, 

(3) pyridyl, 

(4) furyl, 
so (5) thienyl, 

(6) thiazolyl, 

(7) isothiazolyl, 

(8) benzofuryl, 

(9) benzothienyl, 
55 (10) indolyl, 

(11) isooxazolyl, and 

(12) oxazolyl, 
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and mono and di-substituted C 6 . 10 aryl as defined above in items (1) to (12) wherein the substitutents are inde- 
pendently C 1 . 4 alkyl : halo, and hydroxy; 



R 2 is 

(a) H, 

(b) deuterium, 
(c) 

*5 

wherein R 4 and R 5 are each individually selected from hydrogen, fluorine and hydroxy; 
R 6 is selected from the group consisting of 

(1) hydrogen, 

(2) fluorine, 

(3) substituted C^g alkyl wherein the substituent is selected from 

(a) hydrogen, 

(b) hydroxy, 

(c) halo, 

(d) C^e alkylcarbonyl, 

(4) arylC^ alkyl, 

wherein the alkyl is substituted with hydrogen, oxo, alkyl, halo or hydroxy, 
wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted 
the substituents being each independently C^alkyl, halo, hydroxy, C^alkyl amino, C, s alkoxy 
C^galkylthicandC^ealkylcarbonyl; 1 * 6 V ' 

(5) C^e alkyl amino carbonyl alkyl or C^ 6 alkyl carbonyl amino alkyl, 

(6) aryl amino carbonyl C1 -6 alkyl or aryl carbonyl amino C1-6 alkyl, 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted 
the substituents being each independently Chalky!, halo, hydroxy, C^alkyl amino, C, fi alkoxy 
C^alkylthio, and C^alkylcarbonyl; 6 

(7) aryl alkyl amino carbonyl C ve alkyl or aryl alkyl carbonyl amino alkyl, 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted the substit- 
uents being each independently C^alkyl, halo, hydroxy, C^alkyl amino, C^alkoxy, C^alkylthio, and 
C^alkylcarbonyl; 

R 10 and R n are each independently hydrogen or C A . 3 alkyl; 
AA 1 is independently selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula Al 
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wherein R 7 is aryl C u6 alkyl 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted, the 
substituents being each independently Chalky!, halo, hydroxy, C^alkyl amino, C v6 alkoxy, C^alkylthio, and 
C^alkylcarbonyl; 

5 

AA 2 is independently selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula All 

10 



H O 



15 




AA 3 , which are each independently selected from the group consisting of 

20 

(a) a single bond, and 

.(b) an amino acid of formula AMI 



H O 




wherein R 8 and R 9 are each independently selected from the group consisting of 
(a) hydrogen, 

35 (b) C^g alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

40 (4) -S-C^ alkyl 

(5) -SH 

(6) C^e alkylcarbonyl, 

(7) carboxy, 
(8) 

45 

0 

-CNH2, 

so (9) c.,.4 alkylamino, and C^. 4 alkyl amino wherein the alkyl moeity is substituted whith an hydroxy, and 

(10) guanidino, and 

(c) aryl C 1-6 alkyl, 

55 wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted, the substit- 

uents being each independently C^alkyl, halo, hydroxy, C^alkyl amino, C^alkoxy, Chalky Ithio, and 
Chalky Icarbonyl. 
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Within this class are the compounds wherein AA1 , AA2 and AA3, are each independently selected from the group 
consisting of the L- and D- forms of the amino acids including glycine, alanine, valine, leucine, isoleucine, serine, 
threonine, asparticacid, asparagine, glutamic acid, glutamine, lysine, hydroxy-lysine, histidine, arginine, phenylalanine, 
tyrosine, tryptophan, cysteine, methionine, ornithine, p-alanine, homoserine, homotyrosine, homophenylalanine and 
citrulline. 

Alternatively, within this class are the subclass of compounds wherein 

Ri is C^alkyl; 

R 2 is hydrogen, deuterium or 

-c-r 6 , 

R 5 

and 

R 8 and R 9 are each individually 

(a) hydrogen, 

(b) C^alkyl, 

(c) mercapto Chalky I, 

(d) hydroxy Chalky!, 

(e) carboxy C^alkyL 

(g) aminocarbonyl C 1 _ 6 alkyl, 

(h) mono - or di-C-,. 6 alkyl amino C^alkyl, 

(i) guanidino C^alkyl, 

(j) amino-C^alkyl or N-substituted amino-C^alkyl wherein the substituent is carbobenzoxy, 
(k) carbamyl C^alkyL or 

(I) aryl C 1 _ 6 alkyl : wherein the aryl group is selected from phenyl and indolyl, and the aryl group may 
be substituted with hydroxy, C^. 3 alkyl. 

Within this sub-class are the compounds wherein: 

R 1 is methyl; 
R 2 is hydrogen; 
Re is C^alkyl; and 
R 9 is 

(a) hydrogen, 

(b) Chalky!, 

(d) benzyl, 

(e) p-hydroxy-benzyl, 

(f) N-carbobenzoxy-amino-(n-butyl), 

(g) carbamylmethyl, 

(h) carbamylethyl, 

(i) indol-2-yl-methyl, 

G) substituted phenyl C^alkyl, wherein the substituent is hydrogen, hydroxy, carboxy, or C^alkyl, 
(k) substituted indolyl C^alkyl, wherein the substituent is hydrogen, hydroxy, carboxy, or C^alkyl, or 
(I) substituted imidazolyl C^alkyl wherein the substituent is hydrogen, hydroxy, carboxy, or C 1 . 4 alkyl. 

Exemplifying the invention are the following compounds: 

(a) N-(N-Acetyl-tyrosinyl-valinyl-lysinyl)-3-amino-4-oxobutanoic acid; 

(b) N-(N-Acetyl-tyrosinyl-valinyl-e-CBZ-lysinyl)-3-amino-4-oxobutanoic acid; 

(c) N-(N-Acetyl-tyrosinyl-valinyl-lysinyl)-3-amino-4-oxobutanoic acid: 
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or a ring chain tautomer or hydrate thereof. 

For purposes of this specification the above description for the compounds which explicitly correspond to the 
following equilibrium form of Y 



o 



10 




are intended to include the following equilibrium forms as well: 



20 




o 

25 

This invention also concerns to pharmaceutical composition and methods of treatment of interleukin-1 and inter- 
leukin-1 [5 mediated or implicated disorders or diseases (as described above) in a patient (including man and/or mam- 
malian animals raised in the dairy meat, or fur industries or as pets) in need of such treatment comprising administration 
of interleukin-1 p inhibitors of formula (I) as the active constituents. 
30 Illustrative of these aspects, this invention concerns pharmaceutical compositions and methods of treatment of 

diseases selected from septic shock, allograft rejection, inflammatory bowel disease and rheumatoid arthritis in a patient 
in need of such treatment comprising: 

administration of an interleukin-1 p inhibitor of formula (I) as the active constituent. 
Compounds of the instant invention are conveniently prepared using the procedures described generally below 
35 and more explicitly described in the Example section thereafter. 
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Scheme I 



|[ jT NMM * 

O L 
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IX 
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VIII 



The reactions of Scheme I proceed as follows. A mixed anhydride of allyloxycarbonyl (Alloc)-(S)-aspartic acid fi- 
t-butyl ester with isobutylchloroformate (IBCF) is formed in the presence of N-methylmorpholine (NMM). This anhydride 
is reduced to the corresponding alcohol II using sodium borohydride at 0°C in a solvent of 4:1 tetrahydrofuran (THF): 
methanol. The alcohol II is then oxidized using dimethyl sulfoxide (DM SO), oxallyl chloride, and triethyl amine to the 
corresponding aldehyde which is protected as the dimethyl acetal using methanol, trimethyl orthoformate and p-tolue- 
nesulfonic acid to afford III. The Alloc protecting group is then removed with tetrakis triphenylphosphine palladium in 
the presence of morpholine to afford amine IV. This amine is then coupled to the tripeptide, N-acetyl-(S)-tyrosinyl-(S)- 
valinyl-(S)-alanine using dicyclohexyl carbodiimide (DCC) in the presence of hydroxybenzotriazole (HOBt), and NMM 
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to afford VI. The t-butyl ester is then removed with neat TFA (trifluoroacetic acid) to provide the cyclic O-methylacylal 
VII. The final hydrolysis is accomplished with dilute hydrochloric acid in 1:1 water: methanol to give VIII. In addition, VI 
can be saponified with LiOH to give the dimethyl acetal IX. 



Scheme II 



CBZNH 

X 6 



CO ? CH 3 
OH 



1) IBCF/NMM 

2) CH ? N ? 



C0 2 f-Bu 

co,ch, .co ? ch, < c0jfBu co^ch, 

CBZNH^^y^Nj " CBZNH^*Y^CI N ., H CBZNH ' As Y^ N f' C0, ' BU 

O O O CO,t-Bu 

X| XII m 

1) TFA 

2) Pyridir*. A 



XO,CH, 

f C0?CH5 J PhCHjNH} f^XO,H 

A^N^A N ^ ph CBZNH^Y^- 

T H EDC/HOBI & 



CBZNH 

6 XV 



XIV 
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Structures such as XVIII can be prepared as shown in scheme II. N-CBZ-Aspartic acid (i-methyl ester can be 
treated with i-butylchloroformate in the presence of N-methylmorpholine (NMM) followed by diazomethane to afford 
diazomethylketone XI. Treatment of XI with hydrochloric acid gives chloromethylketone XII, which can be used to 
alkylate the sodium salt of di-t-butyl malonate to give ketodiester XIII. The t-butyl groups can be removed with trifluoro 

5 acetic acid and the resultant dicarboxylic acid can be decarboxylated in hot pyridine to afford keto acid XIV. Acid XIV 
can then be coupled to benzyl amine using ethyldimethylaminopropyl carbodiimide in the presence of hydroxybenzo- 
triazole (HOBt) to afford amide XV. Removal of the CBZ group is accomplished with hydrogen in the presence of 10% 
palladium on carbon to give amine XVI. This amine can then be coupled to N-acetyltyrosinyl-valinyl-alanine using 
dicyclohexyl carbodiimide in the presence of HOBt to afford XVII. Final deprotection of the carboxylic acid can be 

10 accomplished with lithium hydroxide to afford the desired ICE inhibitor XVIII. 

The compounds of the instant invention of the formula (I), as represented in the Examples hereinunder shown to 
exhibit in vitro inhibitory activities with respect to interleukin-1 p. As a class, these compounds have been shown to 
inhibit interleukin-1 (3 converting enzyme from cleaving precursor interleukin-1 p as to form active interleukin-1 p at a Ki 
of less than 1 uM. 
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Scheme III 



OH 

1) DMS0/(COCf)^EtN(>.Pr) a 
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2)EDC/HOBt 



30 




1) TFA 

2) R-PhCH,CH,CO,H/EDC/HOBt 



45 




R-H.OH 



The reactions of scheme III proceed as follows. N-Allyloxycarbonyl-3-amino-4-hydroxy-butanoic acid tert-butyl 
ester can be oxidized to the corresponding aldehyde using DMSO : oxalyl chloride and Hunig's base (Diisopropylethyl- 
amine). The aldehyde is not isolated, but converted to the O-benzylacylal by treatment with benzyl alcohol and 3A 
molecular sieves in the presence of a catalytic amount of {Holuene sulfonic acid followed by treatment with TFA (trif- 
55 luoroacetic acid). The alloc protecting group is removed in the presence of BOC-Vai-Ala using tributyltin hydride and 
(PPh 3 ) 2 PdCI 2 . Coupling is then effected in the same flask using EDC and HOBt. The t-butoxycarbonyl protecting group 
is then removed with TFA and the resulting salt coupled to either 3-phenylpropionic acid or 3-(4-phydroxyphenyl)- 
propionic acid using EDC, HOBt and 4-methylmorpholine. The benzyl protecting group is then removed by hydroge- 
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nolysis using Pd(OH) 2 on carbon as a catalyst. 

Scheme IV 
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The ketones shown in Scheme IV can be prepared as follows. 3-Allyloxycarbonylamino-4-hydroxy butanoic acid 
t-butyl ester can be oxidized using DMSO, oxallyl chloride, and either triethyl amine or Hunig's base to form the cor- 
responding aldehyde. Grigniard reagents can then be added to the aldehyde to afford the secondary alcohol which 
can then be oxidized to the corresponding ketone using DMSO : oxallyl chloride, and triethyl amine, or pyridinium 
5 dichromate, or Dess-Martin periodinane. The alloc protecting group can then be removed with palladium(O) and tributyl 
tin hydride, and the resulting amine coupled to carboxylic acids EDC and HOBt. Treatment with TFA gives the desired 
inhibitors. 

The hydroxy ketones shown in Scheme V can be prepared as follows. Enolization of 3-allyloxycarbonylamino- 
4-oxo-7-phenylheptanoic acid t-butyl ester with lithium hexamethyldisilazide can be followed by treatment with N-phe- 
10 nylsulphonyl oxaziridine to give the corresponding hydroxy ketone. The alloc protecting group can then be removed 
with palladium(O) and tributyl tin hydride, and the resulting amine coupled to carboxylic acids using EDC and HOBt. 
Treatment with TFA gives the desired inhibitors. 

The example shown in scheme VI can be prepared as follows. Phenylpropyl bromide is treated with magnesium 
to form the Grigniard reagent followed by di-t-Butyloxalate to afford the corresponding a-ketoester. Treatment of the 
is ester with DAST (Diethylamino Sulphurtrifluoride) followed by deprotection with TFA and treatment with oxalyl chloride 
affords the desired acid chloride. Aspartic acid p-t-butyl ester is acylated with biphenylcarbonyl chloride followed by 
treatment with EDC to afford the desired oxazalone. Treatment of this oxazalone with acid chloride I followed by de- 
carboxylation with oxalic acid affords the desired difluoroketone. Reduction with sodium borohydride followed by re- 
moval of the biphenyl with sodium amalgum gives the amino alcohol. The amino alcohol is then acylated with phenyl- 
20 propionyl-valinyl-alanine in the presence of EDC and HOBt and the resulting hydroxy amide oxidized to the difluoroke- 
tone with Dess-Martin periodinane and deprotected with TFA to afford the desired inhibitor. 

The compounds of the instant invention of the formula (I), as represented in the Examples hereinunder shown to 
exhibit in vitro inhibitory activities with respect to interleukin-1 (5. As a class these compounds have been shown to 
inhibit interleukin-1 (5 converting enzyme from cleaving precusor interleukin-1 p as to form active interleukin-1 p at a Ki 
25 of less than 1 uM. 



30 



35 



40 



45 



50 



55 



13 



EP 0 519 748 B1 




14 



EP 0 519 748 B1 



Scheme VI tCont.) 
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This invention also relates to a method of treatment for patients (including man and/or mammalian animals raised 
in the dairy, meat, or fur industries or as pets) suffering from disorders or diseases which can be attributed to IL-1/ICE 
as previously described, and more specifically a method of treatment involving the administration of the IL-1/1CE in- 
hibitors of formula (I) as the active constituents. 

Accordingly disease states in which the ICE inhibitors of Formula I may be useful as therapeutic agents include : 
but are not limited to, infectious diseases where active infection exists at any body site, such as meningitis and salp- 
ingitis; complications of infections including septic shock, disseminated intravascular coagulation, and/or adult respi- 
ratory distress syndrome; acute or chronic inflammation due to antigen, antibody, and/or complement deposition; in- 
flammatory conditions including arthritis, cholangitis, colitis, encephalitis, endocarditis, glomerulonephritis, hepatitis, 
myocarditis, pancreatitis, pericarditis, reperfusion injury and vasculitis. Immune-based diseases which may be respon- 
sive to ICE inhibitors of Formula I include but are not limited to conditions involving T-cells and/or macrophages such 
as acute and delayed hypersensitivity, graft rejection, and graft -vers us -host-disease; auto-immune diseases including 
Type I diabetes mellitus and multiple sclerosis. ICE inhibitors of Formula I may also be useful in the treatment of bone 
and cartilage resorption as well as diseases resulting in excessive deposition of extracellular matrix such as interstitial 
pulmonary fibrosis, cirrhosis, systemic sclerosis, and keloid formation. ICE inhibitors of Formula I may also be useful 
in treatment of certain tumors which produce IL 1 as an autocrine growth factor and in preventing the cachexia asso- 
ciated with certain tumors. 

For the treatment the above mentioned diseases, the compounds of formula (I) may be administered orally topi- 
cally, parenterally, by inhalation spray or rectally in dosage unit formulations containing conventional non-toxic phar- 
maceutical^ acceptable carriers, adjuvants and vehicles. The term parenteral as used herein includes subcutaneous 
injections, intravenous, intramuscular, intracisternal injection or infusion techniques. In addition to the treatment of 
warm-blooded animals such as mice, rats, horses, cattle, sheep, dogs, cats, etc., the compounds of the invention are 
effective in the treatment of humans. 

The pharmaceutical compositions containing the active ingredient may be in a form suitable for oral use, for ex- 
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ample, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsions, hard 
or soft capsules, or syrups or elixirs. Compositions intended for oral use may be prepared according to any method 
known to the art for the manufacture of pharmaceutical compositions and such compositions may contain one or more 
agents selected from the group consisting of sweetening agents, flavoring agents, coloring agents and preserving 

5 agents in order to provide pharmaceutical^ elegant and palatable preparations. Tablets contain the active ingredient 
in admixture with non-toxic pharmaceutical^ acceptable excipients which are suitable for the manufacture of tablets. 
These excipients may be for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate; granulating and disintegrating agents, for example, corn starch, or alginic acid; binding 
agents, for example starch, gelatin or acacia, and lubricating agents, for example magnesium stearate, stearic acid or 

to talc. The tablets may be uncoated or they may be coated by known techniques to delay disintegration and absorption 
in the gastrointestinal tract and thereby provide a sustained action over a longer period. For example, a time delay 
material such as glyceryl monostearate or glyceryl distearate may be employed. They may also be coated by the 
techniques described in the U.S. Patents 4,256,108; 4,166,452; and 4,265,874 to form osmotic therapeutic tablets for 
control release. 

15 Formulations for oral use may also be presented as hard gelatin capsules wherein the active ingredient is mixed 

with an inert solid diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules 
wherein the active ingredient is mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions contain the active materials in admixture with excipients suitable for the manufacture of 
aqueous suspensions. Such excipients are suspending agents, for example sodium carboxymethylcellulose, methyl- 

20 cellulose, hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia; dis- 
persing or wetting agents may be a naturally-occurring phosphatide, for example lecithin, or condensation products of 
an alkylene oxide with fatty acids : for example polyoxyethylene stearate, or condensation products of ethylene oxide 
with long chain aliphatic alcohols, for example heptadecaethyl-eneoxycetanol, or condensation products of ethylene 
oxide with partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or con- 

25 densation products of ethylene oxide with partial esters derived from fatty acids and hexitol anhydrides, for example 
polyethylene sorbitan monooleate. The aqueous suspensions may also contain one or more preservatives, for example 
ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring agents, one or more flavoring agents, and one or more 
sweetening agents, such as sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a vegetable oil, for example arachis 

30 oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. The oily suspensions may contain a 
thickening agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set forth 
above, and flavoring agents may be added to provide a palatable oral preparation. These compositions may be pre- 
served by the addition of an anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by the addition of water 

35 provide the active ingredient in admixture with a dispersing or wetting agent, suspending agent and one or more pre- 
servatives. Suitable dispersing or wetting agents and suspending agents are exemplified by those already mentioned 
above. Additional excipients, for example sweetening, flavoring and coloring agents, may also be present. 

The pharmaceutical compositions of the invention may also be in the form of oil-in-water emulsions. The oily phase 
may be a vegetable oil, for example olive oil or arachis oil, or a mineral oil, for example liquid paraffin or mixtures of 

40 these. Suitable emulsifying agents may be naturally- occurring gums, for example gum acacia or gum tragacanth, 
naturally-occurring phosphatides, for example soy bean, lecithin, and esters or partial esters derived from fatty acids 
and hexitol anhydrides, for example sorbitan monooleate, and condensation products of the said partial esters with 
ethylene oxide, for example polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening and 
flavoring agents. 

45 Syrups and elixirs may be formulated with sweetening agents, for example glycerol, propylene glycol, sorbitol or 

sucrose. Such formulations may also contain a demulcent, a preservative and flavoring and coloring agents. The phar- 
maceutical compositions may be in the form of a sterile injectable aqueous or oleagenous suspension. This suspension 
may be formulated according to the known art using those suitable dispersing or wetting agents and suspending agents 
which have been mentioned above. The sterile injectable preparation may also be a sterile injectable solution or sus- 

50 pension in a non-toxic parenterally-acceptable diluent or solvent, for example as a solution in 1 ,3-butane diol. Among 
the acceptable vehicles and solvents that may be employed are water, Ringer's solution and isotonic sodium chloride 
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this purpose 
any bland fixed oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as oleic 
acid find use in the preparation of injectables. 

55 The compounds of formula (I) may also be administered in the form of suppositories for rectal administration of 

the drug. These compositions can be prepared by mixing the drug with a suitable non -irritating excipient which is solid 
at ordinary temperatures but liquid at the rectal temperature and will therefore melt in the rectum to release the drug. 
Such materials are cocoa butter and polyethylene glycols. 
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For topical use, creams : ointments, jellies, solutions or suspensions, etc., containing the compounds of Formula 
(I) are employed. (For purposes of this application, topical application shall include mouth washes and gargles.) 

Dosage levels of the order of from about 0.05 mg to about 1 40 mg per kilogram of body weight per day are useful 
in the treatment of the above- indicated conditions (about 2.5 mg to about 7 gms. per patient per day). For example, 
5 inflammation may be effectively treated by the administration of from about 0.01 to 50 mg of the compound per kilogram 
of body weight per day (about 0.5 mg to about 3.5 gms per patient per day). 

The amount of active ingredient that may be combined with the carrier materials to produce a single dosage form 
will vary depending upon the host treated and the particular mode of administration. For example, a formulation intended 
for the oral administration of humans may contain from 0.5 mg to 5 gm of active agent compounded with an appropriate 
10 and convenient amount of carrier material which may vary from about 5 to about 95 percent of the total composition. 
Dosage unit forms will generally contain between from about 1 mg to about 500 mg of an active ingredient. 

It will be understood, however, that the specific dose level for any particular patient will depend upon a variety of 
factors including the activity of the specific compound employed, the age, body weight, general health, sex, diet, time 
of administration, route of administration, rate of excretion, drug combination and the severity of the particular disease 
*5 undergoing therapy. 

The following Examples are intended to illustrate the preparation of compounds of Formula I, and as such are not 
intended to limit the invention as set forth in the claims appended, thereto. 

EXAMPLE 1 

20 

N-(N-Acetyl-tyrosinyl-valinyl-alaninyl)-3-amino-4-oxobutanoic acid. 

STEP A 



25 



30 




OH 



C0 2 t-Bu 



N-allvloxvcarbonvl-3-amino-4-hvroxybutanoic STEP A acid tert«butyl ester. To a solution of N-allyloxycarb- 
35 onyl (S)-aspartic acid p-tert-butyl ester (2.00 g, 7.32 mmol) in 50 mL of tetrahydrofuran (THF) at 0°C, was added N- 
methyl morpholine (NMM, 885 mL, 8.05 mmol) followed by isobutyl chloroformate (IBCF, 997 mL, 7.68 mmol). After 
15 minutes, this mixture was added to a suspension of sodium borohydride (550 mg, 14.55 mmol) in 50 mL of THF 
anf 1 2.5 mL of methanol at -45°C. After 30 minutes at -45°C, the mixture was warmed to 0°C and held at that temper- 
ature for 30 minutes. The reaction was quenched with acetic acid, diluted with 1 :1 ethyl acetate:hexane, and washed 
40 3 times with dilute sodium bicarbonate. The organics were dried over sodium sulfate, filtered, and concentrated. The 
residue was purified by MPLC on silica-gel (35x350 mm column, 30% ethyl acetate/hexane) to give the desired 
product: 1 H NMR (200 MHz, CD 3 OD) 5 5.9 (m, 1H), 5.28 (br d, 1H, J = 17 Hz), 5.15 (br d, 1H, J = 9 Hz), 4.52 (br d, 
2H, J = 6 Hz), 3.98 (m, 1H), 3.48 (ABX, 2H, J = 5, 6, 11 Hz), 2.53 (dd, 1H, J = 5, 16 Hz), 2.32 (dd, 1H, J = 9, 16 Hz), 
1.43 (s, 9H). 

45 

STEPB 




N-aMyloxycarbonyl-3-arnino-4-oxobutanoic STEP B acid [i-tert-butyl ester dimethyl acetal. To a solution of 
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dimethyl sulfoxide (757 mL, 10.67 mmol) in 10 mL of dichloromethnane at -45°C was added oxalyl chloride (508 ml_, 
5.82 mmol). After 5 minutes, a solution of N-allyloxycarbonyl-3-amino-4-hyroxybutanoic acid tert-butyl ester (1.25 g, 
4.85 mmol) in 1 0 mL of dichloromethane was added. After 1 5 minutes, triethyl amine (2.03 mL, 1 4.55 mmol) was added. 
After 30 minutes, the mixture was warmed to -23°C and stirred for 30 minutes. The mixture was diluted with 1 :1 ethyl 

5 acetate/hexane, washed with water, 1 N sodium hydrogensulfate, and twice with water. The organics were dried over 
sodium sulfate, filtered, and concentrated. The resultant oil was dissolved in 200 mL of methanol and 20 mL of trimethyl 
orthoformate and 100 mg of p-toluene sulphonic acid were added. After 16 hours, the reaction was quenched with 
staurated sodium bicarbonate and concentrated in vacuo . The mixture was diluted with ether and washed 5 times with 
dilute sodium bicarbonate. The ether layer was dried over magnesium sulfate, filtered, and concentrated to afford the 

10 title compound as a colorless oil: 1 H NMR (200 MHz, CD 3 OD) 6 5.9 (m, 1 H), 5.26 (br d, 1 H, J = 1 7 Hz), 5. 1 4 (br d, 1 H, 
J = 10 Hz), 4.51 (br d, 2H, J = 5.33 Hz), 4.25 (d, 1H, J = 479 Hz), 4.11 (m, 1H), 3.40 (s, 3H), 3.39 (s, 3H), 2.52 (dd, 
1H, J =4.86, 15.27 Hz), 2.30 (dd, 1H, J = 9.00, 15.28 Hz), 1.43 (s, 9H). 



15 



STEPC 



OCH 3 

20 2 ^T^OCHa 

s 

^C0 2 t-Bu 



25 3-Amino-4-oxobutanoic acid p-tert-butyl ester dimethyl acetal. To a solution of N-allyloxycarbonyl-3-amino-4 

4-oxobutanoic acid (3-tert-butyl ester dimethyl acetal (31 2 mg : 1 .03 mmol) in 10 mL of THF was added morpholine (897 
mL, 10.3 mmol) and tetrakis triphenylphosphine palladium (100 mg). After 3 hours, the mixture was diluted with 1:1 
ethyl acetate/hexane and washed 5 times with dilute sodium bicarbonate. The organics were dried over sodium sulfate, 
filtered, and concentrated. The resulting oil was purified by MPLC on silica-gel (22x300 mm column, linear gradient of 

30 dichloromethane to 1 % ammonia and 1 0 % methanol in dichloromethane) to afford the title compound as a pale-yellow 
oil: 1 H NMR (200 MHz, CD 3 OD) 5 4. 1 5 (d, 1 H, J = 5.67 Hz), 3.41 (s, 3H), 3.40 (s, 3H), 3. 19 (m, 1H), 2.47 (dd, 1 H, J = 
4.88 : 16.06 Hz), 2.22 (dd, 1H, J = 7.86, 16.16 Hz), 1.45 (s, 9H). 

STEP D 

35 




N-(N-Acetyl-tyrosinyl-valinyl-alaninyl)-3-amino-4-oxobutanoic acid p-tert-butyl ester dimethyl acetal. To a 

solution of 3-Amino-4-oxobutanoic acid p-tert-butyl ester dimethyl acetal (104 mg, 0.473 mmol) in 3 mL of DMF at 0°C 
so was added N-methyl morpholine (260 mL, 2.37 mmol) followed sequentially by N-Acetyl-tyrosinyl-valinyl-alanine (229 
mg, 0.473 mmol), hydroxybenzotriazole (96 mg, 0.710 mmol), and dicyclohexylcarbodiimide (98 mg, 0.473 mmol). 
After 24 hours at ambient temperature, the mixture was filtered and purified by SEPHADEX LH-20 chromatography 
(1M x 50 mm column, methanol eluent). The resulting product was further purified by MPLC on silica-gel (22 x 300 
mm column, eluting with a linear gradient of dichloromethane to 1 % ammoinia and 10% methanol in dichloro methane) 
55 to give the title compound as a colorless solid: 1 H NMR (200 MHz, CD 3 OD) 5 7.04 (br d, 2H, J = 8.54 Hz), 6.67 (br d, 
2H : J = 8.57 Hz), 4.58 (dd, 1H, J = 5.61 , 9.03), 4.4-4.2 (m, 3H), 4.16 (d, 1 H, J = 7.1 2 Hz), 3.39 (s, 3H), 3.38 (s, 3H), 
3.01 (dd, 1H, J = 5.54, 13.97 Hz), 2.76 (dd, 1H, J = 8.89, 13.90 Hz), 2.53 (dd, 1H, J = 5.50 : 14.45 Hz), 2.34 (dd, 1H, 
J = 7.83 : 15.49 Hz), 2.05 (m, 1H), 1.90 (s, 3H), 1.41 (s, 9H), 1.33 (d, 3H, J = 7.16 Hz) : 0.94 (d. 3H, J = 6.73 Hz), 0.92 
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(d, 3H, J = 6.77 Hz). 
STEPE 

5 



10 




O 



15 

N-(N-Acetyl-tyrosinyl-vallnyl-alaninyl)-3-amino-4-oxobutanoic STEP E acid. A solution of N -(N- Acetyl -tyros - 
inyl-valinyl-alaninyl)-3-amino-4-oxobutanoic acid p-tert-butyl ester dimethyl acetal (17.4 mg) in 2 mL of trifluoroacetic 
acid was aged for 15 minutes and concentrated in vacuo . The product was dissolved in 1.0 mL of methanol and 1.0 
mL of water containing 60 uL of thionyl chloride was added. After 2 hours, the pH of the solution was adjusted to around 
20 5 with sodium acetate to afford a solution of the title compound: 1 H NMR (200 MHz, CD 3 OD) 5 7.08 (br d, 2H, J = 8.44 
Hz), 6.76 (br d, 2H, J = 8.49 Hz), 4.7-4.1 (m, 4H), 4.04 (d, 1 H, J = 7.67 Hz), 3.05-2.40 (m, 4H), 2.05 (m, 1H), 1.96 (s, 
3H), 1.35 (d, 3H, J = 7.23 Hz), 0.89 (d, 6H, J = 6.84 Hz). 

The following additional compounds are made in an anologous manner: 

25 N-(N-Acetyl-phenylalaninyl-valinyl-alaninyl)-3- amino-4-oxobutanoic acid; 

N-(3-phenylpropionyl-valinyl-alaninyl)-3-amino-4-oxobutanoic acid; and 
N-(3-(4-hydroxyphenyl)-valinyl-alaninyl)-3-amino-4-oxobutanoic acid. 

EXAMPLE 2 

30 

N-(N-Acetyl-tyrosinyl-valinyl-e-CBZ-lyslnyl)-3-amino-4-oxobutanoic acid. 

STEP A 



40 



45 




50 

N-(N-Acetyl-tyrosinyl-valinyl-(e-CBZ-lysinyl))-3-amino-4-oxobutanoic acid p-tert-butyl ester dimethyl 
acetal. To a solution of 3-Amino-4-oxobutanoic acid p-tert-butyl ester dimethyl acetal (238 mg, 1 .09 mmol) in 5 mL of 
DMF at 0°C was added N-methyl morpholine (599 mL, 5.45 mmol) followed sequentially by N-Acetyl-tyrosinyl-valinyl- 
e-CBZ-lysine (735 mg, 1.09 mmol), hydroxybenzotriazole (221 mg, 1.64 mmol), and dicyclohexylcarbodiimide (225 
55 mg, 1 .09 mmol). After 16 hours at ambient temperature, the mixture was filtered and purified by SEPHADEX LH-20 
chromatography (1 M x 50 mm column, methanol eluent). The resulting product was further purified by MPLC on silica- 
gel (22 x 300 mm column, eluting with a linear gradient of dichloromethane to 1% ammoinia and 10% methanol in 
dichloromethane) to give the title compound as a colorless solid: 1 H NMR (200 MHz, CD 3 OD) 8 7.31 (br s, 5H) : 7.04 
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(br d, 2H, J = 8.35 Hz) : 6.67 (br d, 2H, J = 8.45 Hz), 5.04 (s, 2H), 4.61 (m : 1 H) : 4.44-4.25 (m, 3H), 4. 1 7 (d, 1 H ? J = 7.27 
Hz), 3.39 (s, 3H), 3.38 (s, 3H), 3.1-2.9 (m, 3H), 2.75 (dd, 1H, J = 9.28, 14.12 Hz), 2.53 (dd, 1H, J = 5.47 : 15.58 Hz), 
2.33 (dd, 1H, J = 7.96, 15.53 Hz), 2.04 (m, 1H), 1.88 (s, 3H), 1 .8-1 .2 (m, 6H), 1.41 (s, 9H), 0.94 (d, 6H, J = 6.74 Hz). 

5 STEP B 



10 



15 



20 




25 N-(N- Acetyl-tyrosinyl-valinyl-e-CBZ-lysinyl)-3-amino-4-oxobutanoic acid. A solution of N-(N-Acetyl-tyrosinyl- 

valinyl-e-CBZ-lysinyl)-3-amino-4-oxobutanoic acid (5-tert-butyl ester dimethyl acetal (14.9 mg) was treated with 1 mL 
of trif luoroacetic acid, aged for 1 5 minutes, and concentrated in vacuo . The residue was dissolved in 1 .0 mL of methanol 
and 1 .0 mL of water containing 20 uL of thionyl chloride was added. After 1 hour, the pH of the solution was adjusted 
to around 5 with sodium acetate to afford a solution of the title compound: 1 H NMR (200 MHz, CD 3 OD) 5 7.33 (br s, 

30 5H), 7.05 (br d, 2H, J = 8.35 Hz), 6.74 (br d, 2H, J = 8.35 Hz), 4.6-3.9 (m, 5H), 3.1-2.3 (m, 6H), 1 .98 (m, 1 H), 1 .92 (s, 
3H), 1.8-1.2 (m, 6H), 0.89 (d, 6H, J = 6.60 Hz). 

The following additional compounds are made in an analogous manner: 

N-(N-Acetyl-phenylalaninyl-valinyl-£-CBZ-lysinyl)-3-amino-4-oxobutanoic acid; and 
35 N-(3-phenylpropionyl-valinyl-e-CBZ-lysinyl)-3-amino-4-oxobutanoic acid; 

N-(3-(4-hydroxyphenyl)-propionyl-valinyl-e-CBZ-lysinyl)-3-amino-4-oxobutanoic acid. 

EXAMPLE 3 

40 



45 



50 




o 



N-(N-Acetyl-tyrosinyl-valinyl-lysinyl)-3-amino-4-oxobutanoic acid. A solution of N-(N-Acetyltyrosinyl-valinyl- 
e-CBZ-lysinyl)-3-amino-4-oxobutanoic acid (3-tert-butyl ester dimethyl acetal (16.8 mg) was dissolved in 2 mL of meth- 
55 anol and 1 0 mg of Pearlman's catalyst (Pd(OH) 2 on Carbon) was added. After 30 minutes under hydrogen, the mixture 
was filtered and concentrated. The residue was treated with 2 mL of trif luoroacetic acid, aged for 15 minutes, and 
concentrated in vacuo . The product was dissolved in 1 .0 mL of methanol and 1 .0 ul of water containing 20 uL of thionyl 
chloride was added. After 1 hour, the pH of the solution was adjusted to around 5 with sodium acetate to afford a 
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solution of the title compound: 1 H NMR (200 MHz, CD 3 OD) 5 7. 1 0 (or d, 2H, J = 8.01 Hz), 6.77 (br d, 2H, J = 8.25 Hz), 
4.7-4.0 (m, 5H), 3.1-2.4 (m, 6H), 2.04 (m, 1H), 1.95 (s, 3H), 1.9-1.3 (m, 6H) } 0.90 (d, 6H, J = 6.59 Hz). 
The following additional compounds are prepared in an analogous manner: 

N-(N-Acetyl-phenylalaninyl-valinyllysinyl)-3- amino-4-oxobutanoic acid; 
N-(3-phenylpropionyl-valinyl-lysinyl)-3-amino-4-oxobutanoic acid; and 
N-(3-(4-hydroxyphenyl)-propionyl-valinyllysinyl)-3-amino-4-oxobutanoic acid. 



N-(N-Acetyl-tyrosinyl-valinyl-lysinyl)-3-amino-4-oxobutanoic acid dimethyl acetal lithium salt. A solution of 
N-(N-Acetyl-tyrosinyl-valinyl-e-CBZ-lysinyl)-3-amino-4-oxobutanoic acid (J-tert-butyl ester dimethyl acetal (15.6 mg) 
was disolved in 2 ml_ of methanol and 10 mg of Pearlman's catalyst (Pd(OH) 2 on Carbon) was added. After 30 min 
under hydrogen, the mixture was filtered and concentrated. The solid was dissolved in 1 ml_ of methanol and 1 mL of 
water. Lithium hydroxide hydrate (22 mg) was added. After 1 6 hours at ambient temperature, the mixture was concen- 
trated in vacuo to give the title compound in the presence of lithium hydroxide: 1 H NMR (200 MHz, CD 3 OD) 5 6.88 (br 
d, 2H, J = 8.4 Hz), 6.54 (br d, 2H, J = 8.4 Hz), 4.6-4. 1 (m : 5H), 3.38 (s, 6H), 3.0-2.2 (m, 6H), 2.08 (m, 1 H), 1 .88 (s, 3H), 
1.9-1.2 (m, 6H), 0.94 (d, 6H, J = 6.7 Hz), 0.91 (d, 3H, J = 6.7 Hz). 

EXAMPLE 5 

N-(3-Phenylpropionyl-valinyl-alaninyl)-3-amino-4-oxobutanoic acid 



N-Allyloxycarbonvl-4-amino-5-benzyloxv-2-oxotetrahvdrofuran 

To a solution of dimethylsu If oxide (1.86 mL, 26.16 mmol) in 30 mL of freshly distilled dichloromethane at -45°C 
was added oxalyl chloride (1.24 mL, 14.27 mmol). After 5 minutes : a solution of N-allyloxycarbonyl-3-amino-4-hy- 
droxybutanoic acid tert-butyl ester (3.07 g, 11.89 mmol) in 20 mL of dichloromethane was added. After 15 minutes, 
diisopropyl ethylamine (6.21 mL, 35.67 mmol) was added and the mixture stirred at 0°C for 30 minutes. The mixture 
was diluted with ethyl acetate and washed with water, 1 N sodium hydrogen sulfate, and three times with water. The 
organics were dried over sodium sulfate, filtered, and concentrated. The resulting colorless oil was dissolved in 7 mL 
of dichloromethane and 6.5 mL of benzyl alcohol. To this solution was added ~1g of 3A molecular sieves followed by 



EXAMPLE 4 




Step A 
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a catalytic amount of £-toluenesulfonic acid. After 16 hours, trifluoroacetic acid (~8 ml_) was added, and the mixture 
stirred for 30 minutes and concentrated. The mixture was diluted with ethyl acetate and filtered through CELITE. The 
organics were then washed three times with dilute sodium bicarbonate, dried over sodium sulfate, filtered, and con- 
centrated. The residue was purified by MPLC on silica-gel (35x350 mm column, using 20% ether in hexane as eluent 
5 until the benzyl alcohol came off, and then 10% ethyl acetate in 1 :1 dichloromethane/hexane to elute the products) to 
afford the title compound as a mixture of two diastereomers which crystallized on standing: 1 H NMR(400 MHz : CD 3 OD) 
5 7.3 (m, 5H, Ar-H), 5.89 (m, 1H, CH=CH 2 ), 5.61 (d : 0.5K CHOBn), 5.47 (d, 0.5H, CHOBn), 5.28 (brd, 1H S ChbCHH), 
5.18 (br d, 1H, CH=CHH) : 4.82 (2d's, 1H, CH 2 Ph), 4.67 (2d's, 1H, CH 2 Ph), 4.52 (m, 3H, CH 2 OCO, CHN), 3.02 (dd, 
0.5H, CHHC0 2 ), 2.74 (dd, 0.5H, CHHC0 2 ), 2.61 (dd, 0.5H, CHHC0 2 ), 2.45 (dd, 0.5H, CHHC0 2 ). 

10 

Step B 
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35 



40 



45 



N-(Tert-butoxvcarbonyl-valinvl'alaninyl)-4-amino-5-benzvloxv-2-oxotetrahydrofuran 

To a solution of N-allyloxycarbonyl-4-amino-5-benzyloxy-2-oxotetrahydrofuran (407.6 mg, 1.399 mmol) and tert- 
butoxycarbonyl-valinyl-alanine (807 mg, 2.8 mmol) in 10 mL of dichloromethane was added ~20 mg of (PPh 3 ) 2 PdCI 2 
followed by tri-n-butyltin hydride (415 jiL, 1 .54 mmol) dropwise over two minutes. An additional 100 jil of tri-n-butyltin 
hydride was added dropwise until the color of the reaction mixture had turned dark orange. Dimethylformamide (5 mLO 
was added followed by hydroxybenzotriazole (567 mg, 4.2 mmol). The mixture was cooled to 0°C and ethyl dimethyl- 
aminopropyl carbodiimide (295 mg, 1.54 mmol) was added. After 16 hours at ambient temperature, the mixture was 
diluted with ethyl acetate and washed three times with dilute hydrochloric acid, and three times with dilute sodium 
bicarbonate. The mixture was dried over sodium sulfate, filtered, and concentrated. The residue was purified by MPLC 
on silica-gel (22x300 mm column, 50% ethyl acetate in hexane as eluent) to afford 590.4 mg (91 %) of the title compound 
as a mixture of two diastereomers: 1 H NMR (400 MHz : CD 3 OD) 5 7.4-7.05 (m, 5H : Ar-H), 5.63 (d, 0.5H, CHOBn), 5.45 
(d, 0.5H, CHOBn), 4.9-4.6 (m, 3H, CH 2 Ph, CHN), 4.4-4.2 (m, 2H, CHN), 3.83 (m, 1 H, CHN), 3.03 (dd, 0.5H, CHHC0 2 ), 
2.77 (dd, 0.5H, CHHC0 2 ), 2.61 (dd, 0.5H, CHHC0 2 ), 2.47 (dd, 0.5H, CHHC0 2 ), 2.01 (m, 1H, CH(CH 3 ) 2 ), 1.43 (s, 9H, 
C(CH 3 ) 3 ), 1.33 (d, 1.5H, CHCH 3 ), 1.27 (d, 1.5H, CHCH 3 ), 0.9 (m, 6H, CH(CH 3 ) 2 ). 

Step C 



OBn 




50 



55 



N-(3-(4'Hvdroxvphenyl)-propionvl-valinvl-alaninyl)-4-amino»5-benzvloxy»2-oxotetrahydrofuran 

N-(Tert-butoxycarbonyl-valinyl-alaninyl)-4-amino-5-benzyloxy-2-oxotetrahydrofuran (590.4 mg) was dissolved in 
15 mL of trifluoroacetic acid, aged for 15 minutes, and concentrated. The residue was dissolved in methanol, diluted 
with toluene and concentrated to give a colorless solid. To 202.6 mg of this solid was added 3-(4-hydroxyphenyl)- 
propionic acid (137 mg, 0.8245 mmol), hydroxybenzotriazole (111 mg, 0.8245 mmol), dimethyl formamide (3 mL), and 
4-methylmorpholine (45 uL, 0.4122 mmol). Ethyl dimethylaminopropyl carbodiimide (83 mg, 0.433 mmol) was added 
and the mixture stirred for 16 hours at ambient temperature. The mixture was diluted with ethyl acetate and washed 



22 



EP 0 519 748 B1 



three times with 2N hydrochloric acid, and twice with dilute sodium bicarbonate. The organics were dried over sodium 
sulfate, filtered, and concentrated to give the title compound as a mixture of two diastereomers: 
1 H NMR (400 MHz, CD 3 OD) 8 7.4-7.2 (m, 5H, Ar-H), 7.01 (2d's, 2H, Ar-H), 6.66 (d, 2H, Ar-H), 4.9-4.6 (m : 2.5H, CH 2 Ph, 
CHN), 4.4-4.2 (m, 1 .5H, CHN), 4.08 (d : 0.5H, J=7.43 Hz, CHN), 4.02 (d, 0.5H, J=7. 1 5 Hz, CHH, 3.03 (dd, 0.5H, J=8.25, 
5 18.31 Hz, CHHC0 2 ), 2.9-2.7 (m, 2.5H, CHHC0 2 , CH 2 CON), 2.60 (dd, 0.5H 5 J=10.19, 17.29 Hz, CHHC0 2 ), 2.55-2.45 
(m, 2.5H, CHHC0 2 , CH 2 CH 2 p-HOPh), 1.97 (m, 1H, CH(CH 3 ) 2 ), 1.32 (d, 1.5H, J=7.14 Hz, CHCH 3 ), 1.26 (d, 1.5H, 
J=7.14 Hz, CHCH 3 ), 0.9-0.8 (m, 6H, CH(CH 3 ) 2 ). 

Step D 

w 



15 




o 



20 

N-(3-Phenvlpropionvl-valinvl-alaninvl)-4-amino-5-benzytoxy-2»oxotetrahydrofuran 

N-Qert-butoxycarbonyl-valinyl-alaninyl)-4-amino-5-benzyloxy-2-oxotetrahydrofuran (590.4 mg) was dissolved in 
25 15 mL of trifluoroacetic acid, aged for 15 minutes, and concentrated. The residue was dissolved in methanol, diluted 
with toluene and concentrated to give a colorless solid. To 201.9 mg of this solid was added 3-phenylpropionic acid 
(123 mg, 0.8216 mmol), hydroxybenzotriazole (111 mg, 0.8216 mmol), dimethyl formamide (3 mL), and 4-methylmor- 
pholine (45 uJ, 0.4108 mmol). Ethyl dimethylaminopropyl carbodiimide (83 mg, 0.431 3 mmol) was added and the mix- 
ture stirred for 16 hours at ambient temperature. The mixture was diluted with ethyl acetate and washed three times 
30 with 2N hydrochloric acid, and twice with dilute sodium bicarbonate. The organics were dried over sodium sulfate, 
filtered and concentrated to give the title compound as a mixture of two diastereomers: 1 H NMR (400 MHz, CD 3 OD) 
6 7.4-7.1 (m : 10H, Ar-H), 5.63 (d, 0.5H, J=5.03 Hz, CHOBn), 5.45 (d, 0.5H, J=1.20 Hz, CHOBn), 4.95-4.6 (m, 2.5H, 
CH 2 Ph, CHN), 4.4-4.2 (m, 1.5H, CHN), 4.08 (d, 0.5H, J=7.38 Hz, CHN), 4.03 (d, 0.5H, J=7.15 Hz, CHN), 3.03 (dd, 
0.5H : J=8.11, 18.3 Hz, CHHC0 2 ), 2.89 (dd, 2H, J=5.49, 8.79 Hz, CHACON), 2.76 (dd, 0.5H, J=8.76, 17.38 Hz, 
35 CHHC0 2 ), 2.7-2.4 (m, 3H, CHHC0 2 , CH 2 CH 2 Ph), 1.98 (m, 1H, CH(CH 3 ) 2 ), 1.31 (d, 1.5H, CHCH 3 ), 1.25 (d, 1.5H, 
CHCH), 0.87 (m, 6H : CH(CH 3 ) 2 . 

Step E 

40 



45 




50 N-(3-Phenvlpropionvi-valinyl-alaninyl)-3-amino-4-oxo-butanoic acid 

To a solution of 188 mg of N-(3-phenylpropionyl-valinyl-alaninyl)-4-amino-5-benzyloxy-2-oxo-tetrahydrofuran in 2 
mL of dimethylformamide and 3 mL of methanol was added ~100 mg of Pd(OH) 2 on carbon. After the mixture had 
been stirred vigorously under hydrogen for 3 hours, the mixture was filtered through a 0.22 um nylon membrane filter 
55 and concentrated. The residue was purified by MPLC on silica-gel (22x300 mm column, eluted with a gradient of 
dichloromethane to 8% formic acid and 32% methanol in dichloromethane) to afford 112 mg of the title compound as 
a colorless solid: 1 H NMR (400 MHz, CD 3 OD (1:1 mixture of diastereomeric hemiacetals in this solvent)) 5 7.3-7.1 (m, 
5H : Ar-H), 4.58 (d, 0.5H, J=4.06 Hz, CH(OH)(OCD 3 )), 4.56 (d, 0.5H, J=3.96 Hz, CH(OH)(OCD 3 )), 4.34 (m, 1 H, CHN), 
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4.24 (m, 1 H, CEN) : 4.02 (d, 1 H, J=7.38 Hz, CHN), 2.91 (t, 2H : J=7.61 Hz : CH 2 CON), 2.7-2.4 (m, 4H, CH 2 Ph, CH 2 C0 2 ), 
2.00 (m, 1 H, CH(CH 3 ) 2 ), 1.32 (d, 3H, J=7.10 Hz, CHCH 3 ), 0.88 (d, 3H S J=6.82 Hz, CH(CH 3 ) 2 ), 0.85 (d, 3H, J=6.83 Hz, 
CH(CH 3 ) 2 ). 

The following additional compounds can be prepared by the same procedures as exemplified above: 

5 

(a) N-(N-acetyl-tyrosinyl-valinyi-(N,N)-dimethyl-Lisinyl)-3-amino-4-oxo-butanoic acid; 

(b) N-(N-phenylpropionyl)valinyl-glycinyl)-3-amino-4-oxo-butanoic acid; 

(c) N(N-acetyl-alaninyl)-3-amino-4-oxobutanoic acid; 

(d) N-(N-acetyl-valinyl-alaninyl)-3-amino-4-oxo-butanoic acid; 
10 (e) N-propionyl-3-amino-4-oxo-butanoic acid; 

(f) N-(N-acetyl-3-amino-4-oxo-butanoic acid; or 

(g) N-(N-Acetyl tyrosinyl-valinyl-histidinyl-3-amino-4-oxo butanac acid. 

EXAMPLE 6 



HO. 




CQ 2 H 



25 

N-(3-(4-Hvdroxvphenvl)propionvl-valinyl-alaninvl)-3-amino-4-oxobutanoic acid 

To a solution of 195 mg of N-(3-(4-hydroxyphenyl)propionyl-valinyl-alaninyl)-4-amino-5-benzyloxy oxy-2-oxotet- 
rahydrofuran in 5 mL of methanol was added -100 mg of Pd(OH) 2 on carbon. After the mixture had been stirred 

30 vigorously under hydrogen for 3 hours, the mixture was filtered through a 0.22 u.m nylon membrane filter and concen- 
trated. The residue was purified by MPLC on silica-gel (22x300 mm column, eluted with a gradient of dichloromethane 
to 8% formic acid and 32% methanol in dichloromethane) to afford 1 1 5 mg of the title compound as a colorless solid: 1 H 
NMR (400 MHz, CD 3 OD (1:1 mixture of diastereomeric hemiacetals in this solvent)) 5 7.01 (d, 2H, J=8.39 Hz, Ar-H), 
6.67 (d, 2H, J=8.53 Hz, Ar-H), 4.58 (d, 0.5H, J=3.92 Hz, CH(OH)(OCD 3 )), 4.56 (d, 0.5H, J=4.06 Hz, CH(OH)(OCD 3 )), 

35 4.34 (m, 1H, CHN), 4.24 (m, 1H, CHN), 4.09 (d, 1H, J=7.10 Hz, CHN), 2.81 (t, 2H, J=7.56 Hz, CH 2 CON), 2.7-2.4 (m, 
4H, CH2Ar, CH 2 C0 2 ), 2.00 (m, 1H, CH(CH 3 ) 2 ), 1.32 (d s 3H, J=5.81 Hz ; CHCH 3 ), 0.89 (d, 3H, J=6.82 Hz, CH(CH 3 ) 2 ), 
0.85 (d, 3H, J=6.87 Hz, CH(CH 3 ) 2 ). 



EXAMPLE 7 

40 

N-(3-Phenylpropionyl-Valinyl-Alaninyl)3-amino-4-oxo-5-phenylpentanoic acid. 



STEP A 



45 



50 




H O 



55 3-Ally loxycarbonylamino-4-oxo-5-phenylpentanoic acid t-butyl ester. 2M Oxallylchloride (0.89 mL) in CH 2 CI 2 

was added to a mixture of DMSO (0.137 mL, 1.78 mmol) in CH 2 CI 2 (2 mL) at -78°C. The resulting mixture was stirred 
at -78°C for 10 min and the N-alloc-b-t-butyl aspartic alcohol (420 mg. 1 .615 mmol) in CH 2 CI 2 (4 mL) was added drop- 
wise. The mixture was stirred at -78°C for 30min and 5min at -20°C. The mixture was cooled to-78°C and i-Pr 2 NEt 
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(0.843 ml_, 4.845 mmol) was added dropwise. The resulting mixture was stirred at -78°C for 20 min and at 0°C for 30 
min. The mixture was cooled to -78°C and (2.84 mL5.65 mmol) benzylmagnesium bromide was added dropwise. The 
mixture was stirred at -78°C for 30 min and at 0°C for 1 h. Et 2 0 (1 00 ml_) was added and the two layers were separated. 
The aqueous layer was further extracted with Et 2 0 (3X30 ml_) and the combined organic extracts were dried over 

5 Na 2 S0 4 . The solvent was reduced in vacuo . The residue was chromatographed over silica (1:1, Et 2 0: Hexane) to 
provide the alcohol (350 mg , 63%). The alcohol (100 mg, 0.286 mmol) was dissolved in CH 2 CI 2 (5 mL) and Dess- 
Martin reagent (180 mg, 0.429 mmol) was added. The resulting mixture was stirred for 30 min at rt and the mixture 
was filtered through a block of silica (2:1, Hexane: Et 2 0) to provide the benzylketone (75 mg,75%). 

1 H NMR (CDCI 3 ) 5 7.3 (m,2H), 7.15 (d,2H), 5,88 (m, 2H), 5.25 (dd,2H), 4.44 (m,3H), 3.85 (s,2H), 2.9 (dd,1H), 

10 2.68(dd,2H), 1.4(s,9H). 

Step B 



15 



20 




COOH 

25 



N-(3-Phenylpropionyl-Valinyl-Alaninyl)3-amlno-4-oxo-5-phenylpentanoic acid. 3-Allyloxycarbonylamino- 
4-oxo-5-phenylpentanoic acid t-butyl ester (25 mg, 0.0717 mmol) was dissolved in CH 2 CI 2 (2 mL). PdCI 2 (Ph 3 P) 2 (cat.) 

30 and Bu 3 SnH (30 ul)was added dropwise. The mixture was stirred for under N 2 for 10 min. DMF (4 mL), N-phenylpro- 
pionyl-Val-Ala (31 .6mg), HOBT(29 mg) and EDC(16.4 mg) were added respectively. The resulting mixture was stirred 
overnight. EtOAc (20 mL) was added and the mixture was washed with aq. NaHC0 3 (5 mL). The solvent was reduced 
in vacuum and the residue was chromatographed over silica (95:5, CH 2 CI 2 : MeOH) to afford the tetra-peptide which 
was dissolved in a 1 :1 mixture of CH^CI^TFA (4 mL). The mixture was stirred at room temperature for 10 min and the 

35 was reduced in vacuo. The residue was recrystilized from acetone/hexane to provide the acid (42 mg). 

1 H NMR (CD 3 OD), 87.2 (m, 10H), 4.62 (t : 1H), 4.35 (m, 1H), 4.12 (d,1H), 3.85 (d,2H), 2.88 (m, 3H), 2.72 (dd,1 H), 2,55 
(m,2H), 2.0 (m,1H) } 1.35 (d,3H), 0.88 (dd,6H). 

EXAMPLE 8 

40 

N-(3-Phenylpropionyl-Valinyl-Alaninyl)3-amino-4-oxo-6-phenylbexanoic acid: 
STEP A 

45 



50 




3-Allyloxycarbonylamino-4-oxo-6-phenylhexanoic acid t-butyl ester: 2MOxallylchloride (0.975 mL) in CH 2 CI 2 
55 was added to a mixture of DMSO (0.15 mL) in CH 2 CI 2 (2 mL) at -78°C. The resulting mixture was stirred at -78°C for 
10 min and the N-alloc-b-t-butyl aspartic alcohol (460 mg. 1.77 mmol)in CH 2 CI 2 (4 mL) was added dropwise. The 
mixture was stirred at -78°C for 30 min and 5 min at -20°C. The mixture was cooled to -78°C and i-Pr 2 NEt (0.923 mL) 
was added dropwise. The resulting mixture was stirred at -78°C for 20 min and at 0°C for 30 min. The mixture was 
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cooled to -78°C and (2.84 mL.5.65 mmoL) phenylethylmagnesium bromide was added dropwise. The mixture was 
stirred at -7&*C for 30 min and at 0°C for 1 h Et 2 0 (1 00 mL) was added and the two layers were separated. The aqueous 
layer was further extracted with Et 2 0 (3X30 mL) and the combined organic extracts were dried over Na 2 S0 4 . The 
solvent was reduced in vacuo. The residue was chromatographed over silica (1:1, Et 2 0: Hexane) to provide the alcohol 
5 (450 mg, 71%). The alcohol was dissolved in CH 3 CN (3 mL) and 4A°MS (622 mg), NMO(218 mg) and 10 mol% TPAP 
(Tetra propyl amonium perrhuthenate). The resulting mixture was stirred for 30 min at room temperature and the mixture 
was filtered through a block of silica (2:1 ,Hexane:Et 2 0) to ptovide the phenylethyl ketone (400mg,89%) 
1 HNMR (CDCI 3 ), 8 7.2 (m, 5H), 5.85 (m : 2H), 5,25 (dd,2H), 4.55 (d,2H), 4.4 (m,1H), 2.88 (m, 5H), 2.65 (dd,1H) : 1.38 
(s,9H). 

10 

EXAMPLE 9 
Step B 



20 




COOH 

25 

N-(3-Phenylpropionyl-Valinyl-Alaninyl)3-amino-4-oxo-6-phenylhexanoic acid: 3-Allyloxycarbonylamino- 
4-oxo-6-phenylhexanoic acid t-butyl ester (170 mg, 0.472 mmol) was dissolved in CH 2 CI 2 (6 mL). PdCI 2 (Ph 3 P) 2 (cat.) 
and Bu 3 SnH (0.194 ml)was added dropwise the mixture was stirred for under N 2 for 10 min. DMF(12 mL), N-phenyl- 

30 propionyl Val Ala (205 mg) : HOBT (191 mg) and EDC (108 mg) were added respectively. The resulting mixture was 
stirred overnight. EtOAc (200 mL) was added and the mixture was washed with aq. NaHC0 3 (20 mL). The solvent was 
reduced in vacuo and the residue was chromatographed over silica (95:5, CH 2 CI 2 :MeOH) to afford the tetra-peptide 
which was dissolved in a 1 :1 mixture of CH 2 CI 2 /TFA (10 mL). The mixture was stirred at room temperature for 10 min 
and the was reduced in vacuum. The residue was recrystilized from acetone/hexane to provide the acid (205 mg). 

35 1H NMR (CD 3 OD) : 5 7.2 (m, 10H). 4.6 (t,1H), 4.32 (q,1h), 4.09 (d,1H), 2.92-2.75 (m, 7H), 2.72 (dd,1H), 2.55 (m.2H), 
1.95 (m,1H), 1.32 (d,3H), 0.86 (dd,6H). 

EXAMPLE 9 

40 N-(3-Phenylpropionyl-Valinyi-Alaninyl)3-amino-4-oxo-7-phenylheptanoic acid: 

Step A 




3-Allyloxycarbonylamlno-4-hydroxy-7-phenylheptanoic acid t-butyl ester. 2M Oxallylchloride (2.75 mL) in 
55 CH 2 CI 2 was added to a mixture of DMSO (0.424 mL)) in CH 2 CI 2 (5 mL) at -78°C. The resulting mixture was stirred at 
-78°C for 10 min and the N-alloc-b-t-butyl aspartic alcohol (1.3g, 5.0 mmol) in CH 2 CI 2 (10 mL) was added dropwise. 
The mixture was stirred at -78°C for 30 min and 5 min at -20°C. The mixture was cooled to -78°C and i-Pr 2 NEt (2.6 
mL) was added dropwise. The resulting mixture was stirred at -78°C for 20 min and at 0°C for 30 min. The mixture 
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was cooled to -78°C and (8.7 ml_) 2M phenylpropylmagnesium bromide in Et 2 0 was added dropwise. The mixture was 
stirred at -78°C for 30 min and at 0°C for 1 h. Et 2 0 (200 mL) was added and the two layers were separated. The aqueous 
layer was further extracted with Et 2 0 (3X60 mL) and the combined organic extracts were dried over Na 2 S0 4 . The 
solvent was reduced in vacuo. The residue was chromatographed over silica (1:1, Et 2 0:Hexane) to provide the alcohol 
5 (1.6g,86%). 

1H NMR (CDCI 3 ), 5 7.2 (m, 5H) S 5.9 (m,2H), 5.25 (m,2H), 4.55 (d,2H), 3.9 (m J 1H) : 3.68 (m,2H), 2.6 (m, 4H), 1.95-1.46 
(m,4H), 1.4 (s,9H). 

Step B 

10 



15 




20 3-Ally loxycarbonylamino-4-oxo-7-phenylheptanoic acid t-butyl ester: The alcohol (1 . 1 g, 3. 1 7 mmol) was dis- 

solved in CH 3 CN (7 mL) and 4A°MS (1 .858g), NMO (556 mg) and TPAP (56 mg, 10 mol%) was added. The resulting 
mixture was stirred for 30 min at room temperature and the mixture was filtered through a block of silica (2:1 , Hexane: 
Et 2 0) to ptovide the phenylpropyl ketone (820 mg,75%). 

1 H NMR (CDCI3) 5 7.25 (m^H), 7.15 (m,3H), 5.88 (m, 2H), 5.25 (dd,2H), 4.55 (d,2H), 4.38 (m,1H), 2.85 (dd : 1H), 2.6 
25 (m,5H), 1.0 (m^H), 1.41 (S, 9H). 

Step C 



30 



35 




COOH 



40 

N-(3-Phenylpropionyl-Valinyl-Alaninyl)3-amino-4-oxo-7-phenylheptanoic acid: 3-Allyloxycarbonylamino- 
4-oxo-7-phenylheptanoic acid t-butyl ester (300 mg : .81 mmol) was dissolved in CH 2 CI 2 (10 mL). PdCI 2 (Ph 3 P) 2 (cat.) 
and Bu 3 SnH (0.331 mmol) ml) was added dropwise. The mixture was stirred for under N 2 for 10 min. DMF(20 mL), N- 
phenylpropionyl Val Ala (350 mg), HOBT (326 mg) and EDC (184 mg) were added respectively. The resulting mixture 

45 was stirred overnight. EtOAc (250 mL) was added and the mixture was washed with aq. NaHCO a (25 mL). The solvent 
was reduced in vaccum and the residue was chromatographed over silica (95:5, CH 2 CI 2 :MeOH) to afford the tetra- 
peptide which was dissolved in a 1 :1 mixture of CHgCI^FA (15 mL). The mixture was stirred at rt for 10 min and the 
was reduced in vacuo. The residue was recrystilized from acetone/hexane to provide the acid (420 mg) 
1 H NMR (CD3OD), 5 7.2 (m, 10H). 4.6 (t,1H), 4.32 (q, 1H), 4.12 (d,1H), 2.91-2.42 (m, 10H), 2.1 (m,1H), 1.82 (m,2H), 

so 1.32 (d,3H), 0.89 (dd,6H). 



55 
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EXAMPLE 10 

N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-oxo-7-phenyl heptanoic acid: 

5 Step A 




20 

N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-hydroxy-7-phenyl heptanoic acid t-butyl ester: 3-Ally- 
loxycarbonylamino-4-oxo-7-phenylheptanoic acid t-butyl ester (155 mg, .41 mmol) was dissolved in CH 2 CI 2 (4 ml_). 
PdCI 2 (Ph 3 P) 2 (cat.) and Bu 3 SnH (0.14 mL) was added dropwise. The mixture was stirred for under N 2 for 10 min. DMF 
(8 mL), AcTyr.Val Ala (214 mg), HOBT(162 mg) and EDC (86.6 mg) were added respectively. The resulting mixture 
25 was stirred overnight. EtOAc (150 mL) was added and the mixture was washed with aq. NaHC0 3 (15 mL). The solvent 
was reduced in vacuo and the residue was chromatographed over silica (95:5, CH 2 CI 2 : MeOH) to afford the tetra- 
peptide which was dissolved in a 1:1 

!H NMR (CD 3 OD), 57.25-7.2 (m, 5H), 7.05 (d,2H), 6.68 (d.2H), 4.58 (m,1H), 4.32 (m,1H) : 4.22 (m,1H), 4.12 (d,1H), 
3.63 (m,1H), 3.0 (m,1H), 2.8 (m,1H),2.6 (m,2H), 2,4 (m,1H), 2.05 (m,1H), 1.91 (s,3H), 1.7 (m,2H), 1.42 (s,9H), 1.3(d, 
30 3H) : 0.95 (t,6H). 

Step B 



35 OH 




N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-oxo-7-phenyl heptanoic acid t-butyl ester: N-(N-Acetyl- 
Tyrosinyl-Valinyl-Alaninyl)-3-amino-4-hydroxy-7-phenyl heptanoic acid t-butyl ester (166 mg, 0.0991 mmol), was dis- 
solved in CH 2 CI 2 (5 mL) and PDC (56 mg, 0.149 mmoL), was added. The resulting mixture was stirred at rt for6h. The 
50 mixture was filtered through C elite and the solvent was concentrated in vacuo. The residue was chromatographed 
over silica (95:5, CH 2 CI 2 :MeOH) to provide the ketone (28 mg) and S.M (33 mg). 

1 H NMR (CD 3 OD) ; 6 7.25 (m,2H), 7.15 (m, 3H), 7.04 (d,2H), 6.68 (d,2H) : 4.45 (m,2H), 4.3 (m,1H), 4.12 (d,1H) : 2.78 
(m,2H), 2.6 (m,4H), 2.07 (m,1H), 1.9 (s,3H), 1.85 (m,2H), 1.42 (s,9H). 1.35 (d,3H), 0.95 (t,3H). 

55 
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Step C 



OH 




N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-oxo-7-phenyl heptanoic acid: N-(N-AcetylTyrosinyl-Vali- 
nyl-Alaninyl)-3-amino-4-oxo-7-phenyl hepttanoic acid t-butyl ester (12 mg) was stirred with MeOH (0.5 ml_) : water(2 
mL), and 2N NaOH (0.1 mL) overnight. The mixture was acidified with 2N HCI and was extracted with EtOAc (3X5 
ml_). The solvent was evaporated and the product was recrystilized from acetone/hexane to provide the title compound 
20 (8 mg). 

1 H NMR (CD 3 OD), 8 7.25 (m,2H), 7.15 (m, 3H), 7.04 (d,2H), 6.68 (d,2H), 4.55 (m,2H), 4.3 (m,1H), 4.15 (m,1H), 3.0 
(m, 1 H), 2.85-2.48 (m,5H), 2.05 (m, 1 H), 1 .9 (s : 3H), 1 .83 (m,2H), 1 .35 (dd,3H), 0.93 (t,3H). M/z (M+Na) + = 633.5, 611.7, 
595.7, 541.8, 509.9, 485.9, 441.2, 406.3, 376.2 : 305.2, 249.9, 235.8, 205.9 



25 EXAMPLE 11 



N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-oxo-8-phenyl octanolc acid: 

Step A 



30 



35 




H OH 

40 

3-AI!yloxycarbonylamino-4-hydroxy-8-phenyloctanoic acid t-butyl ester: 2M Oxally (chloride (0.952 mL) in 
CH 2 CI 2 was added to a mixture of DMSO (0.145 mL)) in CH 2 CI 2 (2 mL) at -78° C. The resulting mixture was stirred at 
-78°C for 10 min and the N-alloc-b-t-butyl aspartic alcohol (450 mg, 1 .74 mmol) in CH 2 CI 2 (3 mL) was added dropwise. 
The mixture was stirred at -78°C for 30 min and 5 min at -20°C. The mixture was cooled to -78°C and i-Pr 2 NEt (0.89 

45 mL) was added dropwise. The resulting mixture was stirred at -78°C for 20 min and at 0°C for 30 min. The mixture 
was cooled to -78° C and (6.1 mL) 1 M phenylbutyl magnesium bromide in Et 2 0 was added dropwise. The mixture was 
stirred at -78°C for 30 min and at 0°C for 1 h. Et 2 0 (30 mL) was added and the two layers were separated. The aquous 
layer was further extracted with EtgO (3X20 mL) and the combined organic extracts were dried over Na 2 S0 4 . The 
solvent was reduced in vacuo. The residue was chromatographed over silica (1:1 , Et 2 0:Hexane) to provide the alcohol 

50 (620 mg, 90%). 

1 H NMR (CDCI 3 ), 5 7.25 (m, 2H), 7.15 (m,2H), 5.9 (m,1H), 5.3 (m,2H), 5.18 (d,1H), 4.55 (d : 2H), 3.9 (m,1H), 3.75 (m, 
2H), 2.55 (m s 6H), 1.6 (m,4H), 1.45 (s,9H), 1.35 (m,2H). 



55 
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Step B 



5 




10 

3-Allyloxycarbonylamino-4-oxo-8-phenyloctanoic acid t-butyl ester: 2M Oxallylchloride (0.73 mL) in CH 2 CI 2 
was added to a mixture of DMSO (0.138 mL)) in CH 2 CI 2 (4 mL) at -78°C. The resulting mixture was stirred at -78°C 
for 10 min and 3-Allyloxycarbonylamino-4-hydroxy-8-phenyloctanoic acid t-butyl ester (370 mg, 0.974 mmol) in CH 2 CI 2 

15 (8m L) was added dropwise. The mixture was stirred at -78°C for 30 min and 5 min at -20°C. The mixture was cooled 
to -78°C and i-Pr 2 NEt (0.85 mL) was added dropwise. The resulting mixture was stirred at -78°C for 20 min and at 0°C 
for 30 min. Et 2 0 (30 mL) was added and the two layers were separated. The aqueous layer was further extracted with 
Et 2 0 (3X20 mL) and the combined organic extracts were dried over Na 2 S0 4 . The solvent was reduced in vacuo. The 
residue was chromatographed over silica (1:1, Et 2 0:Hexane) to provide the alcohol (320 mg, 87%). 

20 1H NMR (CDCI 3 ), 6 7.25 (m, 2H), 7.15 (m ( 2H), 5.9 (m,1H), 5.82 (d,1H), 5.28 (dd,2H), 4.58 (d,2H), 4.39 (m,1H), 2.88 
(dd,1H),2.65 (66,1 H), 2.55 (m,4H), 1.6 (m,4H), 1.45 (s,9H). 

Step C 

25 

OH 



30 



35 




N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-oxo-8-phenyl octanoic acid t-butyl ester: 3-Allyloxycarb- 
40 onyl-amino-4-oxo-8-phenyloctanoic acid t-butyl ester (100 mg, .26 mmol) was dissolved in CH 2 CI 2 (2 mL). PdCI 2 
(Ph 3 P) 2 (cat.) and Bu 3 SnH (0.107 mL) was added dropwise. The mixture was stirred for under N 2 for 10 min. DMF(6 
mL), AcTyr.Val Ala (252 mg), HOBT (52.7 mg) and EDC (62 mg) were added respectively. The resulting mixture was 
stirred overnight. EtOAc (100 mL) was added and the mixture was washed with aq. NaHCO a (10 mL). The solvent was 
reduced in vacuo and the residue was chromatographed over silica (95:5, CH 2 Cl 2 :MeOH) to afford the tetra-peptide 
45 (155 mg). 

1H NMR (CD 3 OD), 5 7.25 (m, 2H), 715 (m,3H), 7.05 (d,2H), 6.7 (d.2H), 4.58 (m,2H), 4.32 (m,1H), 4.17 ( d,1H), 3.02 
(m,1H), 2.78 (m,2H), 2.6 (m,5H), 2.05 (m.1H), 1.91 (s,3H), 1.58 (m,4H), 1.44 (s,9H), 1.38 (d,3H), 0.92 (m,6H). 
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Step D 



OH 



10 



5 



A 



o 




h 



15 



N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-oxo-8-phenyl octanoic acid: N-(N-AcetylTyrosinyl-Valinyl- 
Alaninyl Alaninyl)-3-amino-4-oxo-8-phenyl octanoic acid t-butyl ester (1 00 mg) was dissolved in a 1 : 1 mixture of CH^CIg/ 
TFA (10 mL). The mixture was stirred at rt for 30 min and the solvent was reduced in vacuo. The residue was recrystilized 
20 from acetone/hexane to provide the acid (80 mg, 80%) 

1 H NMR (CD 3 OD), 6 7.23 (m, 2H), 7.15 (m,3H), 7.03 (d,2H), 6.68 (d,2H) 4.58 (m,2H), 4.32 (q, 1H), 4.13 (m,1H), 3.0 
(dd,1H), .2.9-2.42 (m, 7H), 2.05 (m,1H), 1.92 (s,3H), 1.58 (m,4H), 1.35 (d,3H), 0.92 (m,6H). 

EXAMPLE 12 

25 

N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-oxo-9-phenyl nonanoic acid: 



30 Step A 



3-Allyloxycarbonylamino-4-hydroxy-9-phenylnonanoic acid t-butyl ester: 2M Oxallylchloride (0.82 mL) in 
CH 2 CI 2 was added to a mixture of DMSO (0.125 mL)) in CH 2 CI 2 (2 mL) at -78°C. The resulting mixture was stirred at 
-78°C for 10 min and the N-alloc-b-t-butyl aspartic alcohol (390 mg, 1 .5 mmol)in CH 2 CI 2 (3 mL) was added dropwise. 
The mixture was stirred at -78°C for 30 min and 5 min at -20°C. The mixture was cooled to -78°C and i-Pr 2 NEt (0.783 

45 mL) was added dropwise. The resulting mixture was stirred at -78°C for 20 min and at 0°C for 30 min. The mixture 
was cooled to -78°C and (5.0 mL) 1M phenylpentyl magnesium bromide in Et 2 0 was added dropwise. The mixture 
was stirred at -78°C for 30 min and at 0°C for 1h. Et 2 0 (30 mL) was added and the two layers were separated. The 
aqueous layer was further extracted with Et 2 0 (3X20 mL) and the combined organic extracts were dried over Na^C^. 
The solvent was reduced in vacuo. The residue was chromatographed over silica (1:1, Et 2 0:Hexane) to provide the 

so alcohol (460 mg, 77%). 

1 H NMR (CDCI 3 ), 5 7.25 (m, 2H), 7.15 (m.3H), 5.91 (m,1 H), 5.3 (m,2H), 5.18 (d,1 H), 4.55 (d,2H), 3.9 (m,1 H) : 3.65 (m, 
2H), 2.55 (m, 6H), 1 .6 (m,4H), 1 .45 (s,9H), 1 .35 (m,2H). 



35 




40 



55 
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Step B 




N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-oxo-9-phenyl nonanoic acid t-butyl ester: 3-Allyloxycarb- 
onylamino-4-hydroxy-9-phenylnonanoic acid t-butyl ester (360 mg, 0.9.5 mmol) was dissolved in CH 2 CI 2 (5 ml_) and 
Dess-Martin reagent (576 mg, 1.35 mmol) was added. The resulting mixture was stirred for 2h at rt and the mixture 
was filtered through a block of silica (2:1 ,Hexane:Et 2 0) to ptovide the phenylpentyl ketone (350 mg,97%). 

t-Butyl(3-N-alloc, 4-oxo- 9-phenyl) nonanoate (260 mg, .653 mmol) was dissolved in CH 2 CI 2 (6 ml_). PdCI 2 (Ph 3 P) 2 
(cat.) and Bu 3 SnH (0.27 mL) was added dropwise. The mixture was stirred for under N 2 for 10 min. DMF (12 ml_), 
AcTyr-Val-Ala (630 mg), HOBT (132.7 mg) and EDC (155 mg) were added respectively. The resulting mixture was 
stirred overnight. EtOAc (150 mL) was added and the mixture was washed with aq. NaHC0 3 (15 mL). The solvent was 
reduced in vacuo and the residue was chromatographed over silica (95:5, CH 2 CI 2 :MeOH) to afford the tetra-peptide 
(355 mg). 1 H NMR(CD 3 OD), 5 7.25 (m, 2H), 7.15 (m,3H),7.05 (d^H), 6.68 (d.2H), 4.6 (m,2H), 4.34 (m,1H), 4.15 (d, 
1H), 3.2 (dd,1H), 2.65 (m,1H) : 2.55 (m,6H), 2.05 (m,1H), 1.91 (s,3H), 1.58 (m,4H), 1.42 (s,9H), 1.35 (d,3H), 1,3 (m, 
2H), 0.90 (t,6H). 

Step C 




N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4-oxo-9-phenyl nonanoic acid: N-(N-AcetylTyrosinyl-Valinyl- 
Alaninyl)-3-amino-4-oxo-9-phenyl nonanoic acid t-butyl ester (140 mg) was dissolved in a 1:1 mixture of CH 2 CI 2 /TFA 
(8 mL). The mixture was stirred at rt for 30 min and the solvent was reduced in vacuo. The residue was recrystilized 
from acetone/hexane to provide the acid (120 mg, 80%). 

1 H NMR (CD 3 OD), 57.25 (m, 2H), 7.15 (m,3H), 7.05 (d,2H), 6.69 (d,2H) 4.6 (t,2H), 4,32 (q, 1H), 4.15 (m,1H), 3.2 (dd, 

1H), 2.9-2.42 (m, 7H), 2.07 (m,1H) 5 1.92 (s,3H), 1.6 (m,4H), 1.45 (d,2H),1.32 (m, 2H), 0.95 (m,6H). 

M/z (M+K) + 678.5, (M+Na) + 662.3 : M+1 639.5, 622.6, 464.3, 511.2, 434.2, 377.1, 336.3, 306.1, 265, 206.8, 178.6, 

136.9. 
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EXAMPLE 13 

N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-5-hydroxy-4-oxo-7-phenyl heptanoic acid: 

5 STEP A 



CO a t-Bu 

s / ?« 

H O 

15 

3-Allyloxycarbonylamino-5-hydroxy-4-oxo-7-phenylheptanoic acid t-butyl ester: The 3-Allyloxycarbonylami- 
no-4-oxo-7-phenylheptanoic acid t-butyl ester (1.112g) was dissolved in THF (20 mL) and was cooled to -78°C. 1M 
LHMDS was added dropwise and the resulting mixture was stirred at for 2h. 2-(Phenylsulfonyl)-3-phenyloxaziridine 
(1.176g) in THF (10 L) was added dropwise and the resulting mixture was stirred at -78°C for8h. aq. NH 4 CI (20 ml) 
20 was added and the two layers were separated. The aqueous layer was further extracted with EtOAc (3X20 mL). The 
combined organic extracts were dried over Na 2 S0 4 and the solvent was reduced in vacuo. The residue was chroma- 
tographed over silica (1 :1 .Ether/Hexane) to provide the title compound (650 mg, 59%). 

1 H NMR (CDCIg), 5 7.25 (m,2H), 7.15 (m,3H), 5.88 (m,1H), 5.75 (t.NH), 5.25 (m,2H), 4.68 (m,1H), 4.55 (m,2H), 4.42 
(m,1H), 3.25 (br.,OH), 2.92 (dd : 1H), 2.8-2.45 (m,4H). 2.12 (m, 1H), 1.8 (m,1H), 1.38 (d,9H). 

25 

Step B 



OH 



35 




40 

N-(N-AcetylTyroslnyl-Valinyl-Alaninyl)-3-amino-5-hydroxy-4-oxo-7-phenyl heptanoic acid t-butyl ester: 

3-Allyloxycarbonylamino-5-hydroxy-4-oxo-7-phenylheptanoic acid t-butyl ester (62 mg, .64 mmol) was dissolved in 
CH 2 CI 2 (3 mL). PdCI 2 (Ph 3 P) 2 (cat.) and Bu 3 SnH (0.067 mL) was added dropwise. The mixture was stirred under N 2 
for 1 0 min. DMF (8mL), AcTyr-Val-Ala (1 58 mg), HOBT (33 mg) and EDC (39 mg) were added respectively. The resulting 
45 mixture was stirred overnight. EtOAc (100 mL) was added and the mixture was washed with aq. NaHCCXj (10 mL). 
The solvent was reduced in vacuo and the residue was chromatographed over silica (95:5, CH 2 CI 2 :MeOH) to afford 
the tetra-peptide which was dissolved in a 1 :1 to provide the title compound (98 mg). 

1H NMR (CD 3 OD), 5 7.3-7.1 (m, 5H), 7.05 (d,2H), 6.68 (d.2H), 4.58 (m,1H), 4.35-4.2 (m,3H), 4.15 (d,1H), 3.0 (dd,1H), 
2.9-2.45 (m.5H),2.05 (m, 1H), 1.88 (s,3H), 1.82 (m,2H), 1.42 (s,9H), 1.35 (dd,3H), 0.95 (m,6H). 

SO 
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Step C 




N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-5-hydroxy-4-oxo-7-phenyl heptanoic acid: 

N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-5-hydroxy-4-oxo-7-phenyl heptanoic acid t-butyl ester (40 mg) was dis- 
solved in a 1:1 mixture of Ch^Clg/TFA (6 ml_). The mixture was stirred at room temperature tor 30 min and the solvent 
was reduced in vacuo. The residue was recrystilized from acetone/hexane to provide the acid (33 mg). 
1H NMR (CD 3 OD), 5 7.3-7.1 (m, 5H), 7.07 (d,2H), 6.9 (d.2H), 4.55 (m : 1H), 4.35-4.25 (m,3H), 4.17 (d,1H), 3.03 (dd, 
1H), 2.92-2.5 (m,5H), 2.03 (m, 1H), 1.88 (s,3H), 1.82 (m,2H), 1.37 (dd,3H), 0.93 (m,6H). 
m/z (M+K) + 651 : (M+Na) + 635, (M+1) 614, 595, 550, 522, 445, 387, 376, 305, 291, 238, 178, 119. 

EXAMPLE 14 

N-(3-Phenylpropionyl-Valinyl-Alaninyl) 3-amino-4-oxo-5,5-difluoro-8-phenyl Octanoic acid: 

STEP A 



o 




t-Buty(5-phenyl-2,2-oxo) pentanoate: phenylpropyl bromide(7.64ml_, 50.23mmol) was added to a suspension 
of magnesium turning (1.22g,50.23mmol) in ether(20ml_) maintaining gentle reflux. The resulting mixture was stirred 
for additional 1h and was added slowly over 30min. to di-t-butyloxalate(10.16g,50.23mmol) dissolved in CH 2 CI 2 
(200mL) at -78°C. The resulting mixture was stirred for 1h and was poured into a mixture of icewater(300ml_) and 1N 
aq NH 4 CI(300mL) containing ether (200mL). The two layers were separated and the aqueous layer was further ex- 
tracted with ether (3X100mL). The combined organic extracts was washed with water (2X100mL), brine(100mL) and 
dried over Na 2 S0 4 . The solvent was evaporated to provide the title compound(15.7g). 

STEP B 




t-Butyl(5-phenyl-2,2-difluoro) pentanoate.: 
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t-Butyl-5-phenyl-2-oxo-pentanoate(9g) was dissolved in CH 2 CI 2 (140mL) and dimethylaminofulfur triflouride (8.45mL) 
was added dropwise at 0°C. The resulting mixture was stirred at rt tor 1 8h. the reaction mixture was cooled to 0°C and 
quinched with 1N aq NH 4 CL The mixture was extracted with ether (3X150ml_). The combined organic extracts was 
dried over Na 2 S0 4 . the solvent was evaporated and the residue was chromatographed over silica (95:5, Hexane: 
5 EtOAc) to provide the difluoro compound (6.5g). 

1 HNMR (CDCL 3 ), 57.27(2H,m) 7.15(3H,m), 2.65(3H, t), 2.0(2H,m), 1.78 (m , 3 H) , 1 . 5 (s , 9 H ) . 

STEPC 



10 



15 




5-Phenyl-2,2-difluorO-pentanoic acid: 

20 t-Butyl-5-phenyl-2,2-difluoro-pentanoate (0.9g) was dissolved in a 1 :1 mixture of CH 2 Cl2/TFA (8mL). the mixture was 
stirred for 1 h. the solvent was evaporated to give the acid. 
1 HNMR(CDCI3) i d 7.29(2H : m) 7.2(3H,m) 2.68(2H,t), 2.1(2H,m), 1.85(2H,m). 
19 FNMR(CDCL3), d -172.1 (2F,t,JF-H=16.7Hz). 

25 STEP D 



O 



30 




5-Pheny!-2,2-difluoro-pentanoicacid chloride: To the 5-phenyl-2,2-difluoro-pentanoic acid (1.5g,7mmol) in 
CH 2 CI 2 (3mL) was added 2M oxalyl chloride(4.2mL, 8.4mmol) in CH 2 CI 2 and DMF(cat.). The resulting mixture was 
stirred at rt for 1h. the solvent was evaporated and the residue was distilled (70-75°C : O.lmmHg) to provide the acid 
chloride (1.25g). 

40 1HNMR(CDCI3) : 8 7.29(2H,m), 7.2(3H : m), 2.68(2H,t), 2.1(2H,m), 1.85(2H,m). 
1 9FNMR(CDCI3), 5 -102.2(2F,t,JF-H=16.7Hz). 

STEPE 



50 




55 N-(4-Bi-phenylcarbonyl) b-t-butyl- Aspartic acid: to aspartic acid (6.)g) in dry THF (100mL) was added 4-bi- 

phenylcarbonyl cholride (3.44g). the resulting mixture was stirred for 17h. water (3001 LO) was added and the mixture 
was extracted with EtOAc(3X100mL). The combined organic extracts was dried over Na2S04 and the solvent was 
evaporated to provide the title compound (3.8g). 
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1 HNMR(CDCI 3 ), 5 7.88(2H,d) 7.65(2H.d), 7.6(2H,d), 7.45(2H ; d) : 7.38(1 H.m), 5.05(1 H.m), 3.1(2H,dd), 2.85(1 H : dd), 
1.35(9H,s). 

STEP F 

5 



10 



15 




2-Bi-phenyl5(4H)-oxazolones: To the aminoacid (5.92g) in CH2CI2(100ml) at 0°C was added EDC(2.5g). The 
20 resulting mixture was stirred for 30 min, Ether (300ml) was added and the mixture was washed with water (50mL). The 
mixture was dried with Na2S04 and the solvent was evaporated. The residue was chromatographed over silica (1: 
1 ,ether:hexane) to afford the oxazolone compound (4.6g). 

1 HNMR(CDCI 3 ) 6 8.05(2H,d) ) 7.7(2H s d), 7.62(2H ! d), 7.45(2H,d), 7.39(1 H,m), 4.54(1 H : t), 3.03(2H,ABq), 1.35(9H,s). 
25 STEP G 



30 



35 




3-(4-Bi-phenylcarbonylamino)-4-oxo-5,5-difluoro-8-phenyoctanoicacidt-butylester:To5(4H)-oxazolon in 

dry THF(3mL) at 0°C under nitrogen atmosphere was added Et 3 N(0.167ml_) and freshly prepared solution of 5-phenyl- 
40 2,2-difluoro- pentanoic acid chloride (280mg) in dry hexane(lmL). The reaction mixture was stirred for 1h at room 

temperature. The mixture was filtered under N 2 atmosphere and the filterate evaporated thoroughly (0.005 torr,17h). 

The crude O-acylated oxazoles was then diluted with dry THF(0.2ml_) and 4-dimethylaminopyridine(1 2.25mg) is added. 

The mixture was stirred for 2h and the solvent was removed. The residue was treated with oxalic acid(180mg) and the 

resulting mixture was stirred for 18h. EtOAc(150mL) was added and the mixture was washed with aq. NaHC0 3 
45 (2X20mL) : water (2X20mL), Brine (20ml_) and dried over Na 2 S04. The solvent was removed and the residue was 

chromatographed over silica (99:1 CH 2 CI 2 :EtOH) to provide the tilte compound (170mgj 

1HNMR(CDCI 3 ) d 7.85(2H,d), 7.67(2H,d), 7.6(2H,d), 7.45(2H,t), 7.35(2H,m), 7.26(2H,d), 7.17(2H,t), 5.35(1 H,m), 3.05 
(1H,dd), 2.95(1 H.dd), 2.68(2H ! d), 2.13(2H : m), 1.85(1H,m), 1.42(9H,s). 

19 FNMR(CDCI 3 ), d -103.6 and -104.45(1 F,t, J F _ H =17.4Hz, J F . F =278.1Hz), -107.03 and -107.83(1 F,t, J F _ H =18.4Hz, J F . F 
50 =278.4Hz). 
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STEPH 



5 



10 




15 3-(4-Bi-phenylcarbonylamino)-4-hydroxy-5,5-difluoro-8-phenyloctanoic acid t-butylester: To 3-(4-Bi-phe- 

nylcarbonylamino)-4-oxo-5 : 5-difluoro-8-phenyl octanoic acid t-butylester(330mg) in MeOH(2mL) at 0°C was added 
NaBH4(20mg). The mixture was warmed to rt and stirred for 5 min. 1N NH4CI(3mL) was added and the mixture was 
extracted with EtOAc(3Xl0mL). The combined extracts was dried over Na2S04 and the solvent was evaporated. The 
residue was chromatographed over silica (1 :1 ,EtOAc:hexane) to provide the title compound(270mg) 

20 

STEP I 




N-(3-Phenylpropionyl-Valinyl-Alaninyl) 3-amino -4-hydroxy-5,5-difluoro-8-phenyl t-butyloctanoate: To 3- 

(4-Bi-phenylcarbonylamino)-4-hydroxy-5,5-difluoro-8-ph enyloctanoic acid t-butylester(252mg,0.5mmol) in MeOH 
35 (5mL) was added 3% Na-Hg(4mmol, 8eq) and NaHh 2 P0 4 (6mmol, 12eq). The mixture was stirred at rt for 1h and 
filtered into 1N aq HCI(8eq). MeOH was removed and the soild was filtered and washed with water. The residue was 
lyophilized to give a white solid. (100mg : 0.29mmol) which was dissolved in DMF(3mL) followed by addition of HOBT 
(43.3mg), EDC(61mg) and N-phenylpropionyl Val Ala (110mg). The resulting mixture was stirred for 17h and EtOAc 
(100ml) was added. The mixture was washed with aq NaHC0 3 , water and dried over Na 2 S0 4 . The solvent was evap- 
40 orated and the residue was chromatographed over silica (95:5, CH 2 CI 2 :MeOH) to provide the title compound (1 50mg) 

STEP J 



45 



50 




55 N-(3-Phenylpropionyl-Valinyl-Alaninyl) 3-amino -4-oxo-5,5-difluoro-8-phenyl t-butyloctanoate: To N- 

(3-Phenylpropionyl-Valinyl-Alaninyl) 3-amino -4-hydroxy-5,5-difluoro-7-phenyl t-butylheptanoate (150mg) in 
CH 2 CI 2(5mL) was added Dess-Martin reagent (750mg). The mixture was stirred for 5h and filtered. The solvent was 
evaporated and the residue was chromatographed over silica (95:5, CH 2 CI 2 :MeOH) to provide the title compound 
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(130mg) 
STEP K 




H 




COOH 



N-(3-Pheny Ipropionyl-Valinyl-Alaninyl) 3-amino -4-oxo-5,5-difluoro-8-phenyl Octanoic acid N-(3-Phenylpro- 
pionyl-Valinyl-Alaninyl) 3-amino -4-oxo-5,5-difluoro-7-phenyl t-butylheptanoate(1 30mg) was dissolved in a 1:1 mixture 
of CH 2 CI 2 fTFAA(6ml) and stirred for 1h. The solvent was evaporated to provide the title compound(110mg). 



Claims 

1 . A compound of the formula I 



R. 



O 




H 



AA 1 - AA 2 - AA 3 - N- Y 



or a pharmaceutical acceptable salt thereof wherein y is: 



OH P 2 
O 



ro 2 H 



or 



HO OH 

Mto 2 h 



wherein : 



(a) substituted alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, and 

(3) chloro or fluoro, 

(b) aryl alkyl wherein the aryl group is selected from the group consisting of 

(1) phenyl, 

(2) naphthyl, 

(3) pyridyl, 

(4) furyl, 
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(5) thienyl, 

(6) thiazolyl, 

(7) isothiazolyl, 

(8) benzofuryl, 

(9) benzothienyl, 

(10) indolyl, 

(11) isooxazolyl, and 

(12) oxazolyl, 



and mono and di-substituted C 6 . 10 aryl as defined above in items (1) to (12) wherein the substitutents are inde- 
pendently C 1 , 4 alkyl. halo, or hydroxy; 

R 2 is H or deuterium, 

AA, is selected from the group consisting of 



R 7 is selected from the group consisting of 

(a) hydrogen, 

(b) substituted C|. 6 alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C^ alkyl 

(5) -SH 

(6) C^alkylcarbonyl, 

(7) carboxy, 
(8) 



(9) C 1 ^ alkylamino, and C A . 4 alkylamino wherein the alkyl moeity is substituted whith an hydroxy, and 

(10) guanidino, and 

(c) aryl C v6 alkyl, wherein the aryl group is defined as above in this Claim, wherein the aryl is optionally 
mono or di-substituted, the substituents being each independently C^alkyl, halo, hydroxy, C v6 alkyl ami- 
no, C^alkoxy, C^alkylthio, or C^alkylcarbonyl; 

AA 2 is selected from the group consisting of 

(a) a single bond, and 



(a) a single bond, and 

(b) an amino acid of formula Al 




wherein 




39 



EP 0 519 748. B1 



(b) an amino acid of formula All 



H 



O 




R 9 



wherein 



R 8 is selected from the group consisting of 

(a) hydrogen, 

(b) substituted C,. 6 alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C M alkyl 

(5) -SH 

(6) C v6 alkylcarbonyl, 

(7) car boxy, 
(8) 



(9) C 1 A alkylamino, and . 4 alkylamino wherein the alkyl moeity is substituted whith an hydroxy, and 

(10) guanidino, and 

(c) aryl C A . 6 alkyl, 

wherein aryl is defined as above in this Claim, wherein the aryl is optionally mono or di-substituted, the sub- 
stituents being each independently Chalky I, halo : hydroxy, Chalky! amino, C^alkoxy, C^alkylthio, or 
C-|. 6 alkylcarbonyl. 

A compound according to Claim 1 wherein 

AA 3 is selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula AIM 



0 




H 



O 




R 9 is selected from the group consisting of 



(a) hydrogen, 

(b) substituted C v6 alkyl, wherein the substituent is selected from 
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(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C v4 alky I 

(5) -SH 

(6) C v6 alkylcarbonyl, 

(7) carboxy, 
(8) 



(9) alkylamino, and C w alkylamino wherein the alky! moeity is substituted whith an hydroxy, or 

(10) guanidino, and 

(c) aryl alkyl, 
wherein aryl is selected from the group consisting of 

(1) phenyl 

(2) naphthyl, 

(3) pyridyl, 

(4) furyl, 

(5) thienyl, 

(6) thiazolyl, 

(7) isothiazolyl, 

(8) benzofuryl, 

(9) benzothienyl, 

(10) indolyl, 

(11) isooxazolyl, and 

(12) oxazolyl, 

wherein the aryl is optionally mono or di-substituted, the substituents being each independently Chalky!, halo, 
hydroxy, C v6 alkyl amino, C^alkoxy, 
C^alkylthio, or C^alkylcarbonyl. 

A compound according to Claim 2 wherein 

AAg is an amino acid of the formula All 



0 



-CNH2, 



H 



O 




8 



wherein 



R 8 is selected from the group consisting of 



(a) hydrogen, 

(b) substituted alkyl, wherein the substituent is selected from 



(1) hydrogen, 
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(2) hydroxy, 

(3) halo, 

(4) -S-q.4 alkyl 

(5) -SH 

(6) C^alkylcarbonyl, 

(7) carboxy, 
(8) 



-CNH2, 

(9) alkylamino, and C v4 alkylamino wherein the alkyl moeity is substituted with hydroxy, and 

(10) guanidino, and 

(c) aryl alkyl, 
wherein aryl is selected from the group consisting of 

(1) phenyl, 

(2) naphthyl, 

(3) pyridyl, 

(4) furyl, 

(5) thienyl, 

(6) thiazolyl, 

(7) isothiazolyl, 

(8) benzofuryl, 

(9) benzothienyl, 

(10) indolyl, 

(11) isooxazolyl, and 

(12) oxazolyl, 

wherein the aryl is optionally mono or di-substituted, the substituents being each independently Chalky!, halo, 
hydroxy, C^alkyl amino, C v6 alkoxy, 
C-|. 6 alkylthio, or C-,. 6 alkylcarbonyl; and 

AA 3 is an amino acid of formula AMI 




wherein 

R 9 is selected from the group consisting of 

(a) hydrogen, 

(b) substituted C AS alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C^ alkyl 
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(5) -SH 

(6) C^g alkylcarbonyl, 

(7) carboxy, 
(8) 

0 

(9) C 1<4 alkylamino, and Cj. 4 alkylamino wherein the alkyl moeity is substituted with an hydroxy, and 

(10) guanidino, and 

(c) aryl C v6 alkyl, 

wherein aryl is defined as above in this Claim, and wherein the aryl is optionally mono or di-substituted, the 
substituents being each independently C^alkyl, halo : hydroxy, Chalky! amino, C^alkoxy, 
Cj.galkylthio, or C^galkylcarbonyl. 

A compound according to Claim 3 wherein 

is C^alkyl or aryl C^g alkyl wherein aryl is phenyl, naphthyl, thienyl, or benzothienyl; 

wherein 

R 7 is C v6 alkyl or aryl C v6 alkyl 
wherein aryl is defined as 

(1) phenyl, 

(2) naphthyl, 

(3) pyridyL 

(4) furyl 

(5) thienyL 

(6) thiazolyl, 

(7) isothiazolyl, 

(8) benzofuryl, 

(9) benzothienyl, 

(10) indolyl, 

(11) isooxazolyl, and 

(12) oxazolyl, 

and wherein the aryl of items (1) to (12) is optionally mono or di-substituted, the substituents being each 
independently C^alkyl, halo, hydroxy, Chalky! amino, C^alkoxy, C^alkylthio, or C^galkylcarbonyl; 
R 8 and R 9 are each individually 

(a) hydrogen, 

(b) Chalky!, 

(c) mercapto C v6 alkyl, 

(d) hydroxy Chalky I, 

(e) carboxy Chalky I, 

(g) aminocarbonyl C^alkyl, 

(h) mono - or di-C v6 alkyl amino C^alkyl, 

(i) guanidino C^alkyl, 

(j) amino-C^galkyl or N-substituted amino-C^alkyl wherein the substituent is carbobenzoxy, or 

(k) aryl C^galkyl, wherein the aryl group is selected from phenyl and indolyl, and the aryl group is mono 

substituted with hydrogen, hydroxy, or C v3 alkyl. 

A compound according to Claim 3 wherein 
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is C 1 . 3 alkyl or aryl C n . 6 alkyl wherein aryl is phenyl, naphthyl thienyl or benzothienyl; 
R 2 is 




wherein R 4 and R 5 are each individually selected from hydrogen, hydorxy or fluorine; 
R 6 aryl alkyl, 

wherein the alkyl is substituted with hydrogen, oxo, C A . 3 alkyl halo or hydroxy 
wherein aryl is selected from the group consisting of 

(1) phenyl 

(2) naphthyl, 

(3) pyridyl, . 

(4) furyl, 

(5) thienyl, 

(6) thiazolyl, 

(7) isothiazolyl, 

(8) benzofuryl 

(9) benzothienyl, 

(10) indolyl, 

(11) isooxazolyl, and 

(12) oxazolyl, 

wherein the aryl is optionally mono or di-substituted, the substituents being each independently C 1 . 3 alkyl, halo, 
hydroxy, C 1 . 3 alkyl amino, C 1 . 3 alkoxy, C^alkylthio, or C^alkylcarbonyl; 

R 7 is C^g alkyl or aryl . 6 alkyl wherein aryl is defined as above in this Claim, and wherein the aryl is optionally 
mono or di-substituted, the substituents being each independently C^alkyl, halo : hydroxy, C v6 alkyl amino, 
C-,. 6 alkoxy, C-,. 6 alkylthio, or C^alkylcarbonyl. 

A compound According to Claim 4 or 5 wherein: 

Rt is methyl or phenyl C A . S alkyl or hydroxy-phenyl C 1l>6 alkyl; 
AA1 is a single bond or an amino acid of formula Al 



(a) C^alkyl; 

(b) substituted phenyl C^alkyl, wherein the substituent is hydrogen, hydroxy, carboxy, or C-^alkyl; or 

(c) indolyl methyl; 




R 7 



wherein 



R 7 is 
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R 8 is C^alkyl; and 
R 9 is 

(a) hydrogen, 

(b) C^alkyl, 

(c) amino C 1 . 4 alkyl, 

(d) N-carbobenzoxy-amino-(n-butyl), 

(e) carbamylmethyl, 

(f) indoi-2-yl-methyl, or 

(g) substituted phenyl C^alkyl, wherein the substituent is hydrogen, hydroxy, carboxy, or C 1 . 4 alkyl. 
7. A compound according to Claim 6 wherein 

R 6 is phenyl C-,. 6 alkyl, 

wherein the alkyl is substituted with hydrogen, oxo, C|. 3 alkyl, halo or hydroxy, 

and wherein the phenyl may be mono and di-substituted, the substituents being each independently C 1 . 3 alkyl, 
halo, hydroxy, C^alkyl amino, C 1 . 3 alkoxy, C-^alkylthio, or C^alkylcarbonyl; 
R 9 is 



(a) hydrogen, 

(b) C^alkyl, 

(c) amino C 1 . 4 alkyl, 

(d) N-carbobenzoxy-amino-(n-butyl), 

(e) carbamylmethyl, 

(f) indol-2-yl-methyl, or 

(g) substituted phenyl C^alkyl, wherein the substituent is hydrogen or hydroxy. 



Patentan sprue he 



1. Eine Verbindung der Formel I 



O 



H 




R 



AA 3 - N- Y 



oder ein pharmazeutisch annehmbares Salz davon, worin Y 




oder 




O 



oder 




HO OH 



O 



ist; 

worin: 



ist 



(a) substituiertes C^g-Alkyl, worin der Substituent ausgewahlt ist aus 



(1) Wasserstoff, 

(2) Hydroxy und 
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(3) Chlor Oder Fluor, 

(b) Aryl-C^e-alkyl, worin die Arylgruppe ausgewahlt ist aus der Gruppe, bestehend aus 

(1) Phenyl, 

(2) Naphthyl, 

(3) PyridyL 

(4) Furyl, 

(5) Thienyl, 

(6) Thiazolyl, 

(7) Isothiazolyl, 

(8) Benzofuryl, 

(9) Benzothienyi, 

(10) Indolyl, 

(11) Isooxazolyl und 

(12) Oxazolyl, 

und mono- und disubstituiertem C 6 . 10 -Aryl, wie es oben in den Punkten (1) bis (12) definiert ist, wobei die 
Substituenten unabhangig voneinander C^-Alkyl, Halogen oder Hydroxy sind; 

R 2 H oder Deuterium ist; 

AA 1 ausgewahlt ist aus der Gruppe, bestehend aus 

(a) einer Einfachbindung und 

(b) einer Aminosaure der Formel Al 



R 7 ausgewahlt ist aus der Gruppe, bestehend aus 

(a) Wasserstoff, 

(b) substituiertem C^g-Alkyl, wobei der Substituent ausgewahlt ist aus 

(1) Wasserstoff, 

(2) Hydroxy, 

(3) Halogen, 

(4) -S-C^-Alkyl, 

(5) -SH, 

(6) C^-Alkylcarbonyl, 

(7) Carboxy, 
(8) 



(9) C v4 -Alkylamino und C^-Alkylamino, worin der Alkylrest mit einer Hydroxygruppe substituiert ist, 




worin 



0 

n 

-CNH. 



und 
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(10) Guanidino, und 

(c) Aryl-C^g-alkyl, worin die Arylgruppe wie oben in diesem Anspruch definiert ist, wobei das Aryl gege- 
benenfalls mono- Oder disubstituiert ist und die Substituenten jeweils unabhangig voneinander C^-Alkyl, 
Halogen, Hydroxy, C t . 6 - Alky lam ino, C^-Alkoxy, C^-Alkylthio oder . 6 -Alkylcarbonyl sind; 

AA 2 ausgewahlt ist aus der Gruppe, bestehend aus 

(a) einer Einfachbindung und 

(b) einer Aminosaure der Formel All 



worin R 8 ausgewahlt ist aus der Gruppe, bestehend aus 

(a) Wasserstoff, 

(b) substituiertem C^g-AlkyL wobei der Substituent ausgewahlt ist aus 

(1) Wasserstoff, 

(2) Hydroxy, 

(3) Halogen, 

(4) -S-C^-Alkyl, 

(5) -SH, 

(6) C^-Alkylcarbonyl, 

(7) Carboxy, 
(8) 



(9) C^-Alkylamino und C^-Alkylamino, worin der Alkylrest mit einer Hydroxygruppe substituiert ist, 
und 

(10) Guanidino, und 
(c) Aryl-C^g-alkyL 

worin Aryl wie oben in diesem Anspruch definiert ist, wobei das Aryl gegebenenfalls mono- oder disubstituiert ist 
und die Substituenten jeweils unabhangig voneinander C^-Alkyl, Halogen, Hydroxy, C^g-Alkylamino, C^-Alk- 
°xy. C^-Alkylthio oder C-,. 6 -Alkylcarbonyl sind. 

Eine Verbindung gemaR Anspruch 1. worin 

AA 3 ausgewahlt ist aus der Gruppe, bestehend aus 

(a) einer Einfachbindung und 

(b) einer Aminosaure der Formel AMI 




Re 



o 
i! 

-CNH : 



hi 
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H O 




R 9 ausgewahlt ist aus der Gruppe, bestehend aus 

(a) Wasserstoff, 

(b) substituierlem C v6 -Alkyl : wobei der Substituent ausgewahlt ist aus 

(1) Wasserstoff, 

(2) Hydroxy, 

(3) Halogen, 

(4) -S-C^-Alkyl, 

(5) -SH, 

(6) C^Q-Alkylcarbonyl, 

(7) Carboxy, 
(8) 



0 
If 

-CNH 2 , 

(9) C^-Alkylamino und C^-Alkylamino, worin der Alkylrestmit einer Hydroxygruppe substituted ist, 
oder 

(10) Guanidino, und 

(c) Aryl-C v6 -alkyl : worin Aryl ausgewahlt ist aus der Gruppe, bestehend aus 

(1) Phenyl, 

(2) Naphthyl, 

(3) Pyridyl, 

(4) Furyl, 

(5) Thienyl, 

(6) Thiazolyl, 

(7) Isothiazolyl, 

(8) Benzofuryl, 

(9) Benzothienyl, 

(10) Indolyl, 

(11) Isooxazolyl und 

(12) Oxazolyl, 

wobei die Arylgruppe gegebenenfalls mono- oder disubstituiert ist und die Substituenten jeweils unabhangig von- 
einander C^-Alkyl, Halogen, Hydroxy, C^e-Alkylamino, C-,. 6 -Alkoxy, C 1 . 6 -Alkylthio oder C^-Alkylcarbonyl sind. 

Eine Verbindung gemaR Anspruch 2 : worin AAg eine Aminosaure der Formel All ist 
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H O 




worin 

R 8 ausgewahlt ist aus der Gruppe, bestehend aus 

(a) Wasserstoff, 

(b) substituiertem C v6 -Alkyl : wobei der Substituent ausgewahlt ist aus 

(1) Wasserstoff, 

(2) Hydroxy, 

(3) Halogen, 

(4) -S-C^-Alkyl, 

(5) -SH, 

(6) C^s-Alkylcarbonyl, 

(7) Carboxy, 
(8) 

0 
If 

-CNH 2 , 

(9) C^-Alkylamino und C^-Alkylamino, worin der Alkylrest mit einer Hydroxygruppe substituiert ist, 
und 

(10) Guanidino, und 

(c) Aryl-C^e-alkyL 

worin Aryl ausgewahlt ist aus der Gruppe, bestehend aus 

(1) Phenyl, 

(2) Naphthyl, 

(3) Pyridyl, 

(4) Furyl, 

(5) Thienyl, 

(6) Thiazolyl, 

(7) Isoth iazolyl, 

(8) BenzofuryL 

(9) Benzothienyl, 

(10) Indolyl, 

(11) Isooxazolyl und 

(12) Oxazolyl, 

wobei die Arylgruppe gegebenenfalls mono- Oder disubstituiert ist und die Substituenten jeweils unabhangig von- 
einander C^g-AlkyL Halogen, Hydroxy, C^e-Alkylamino, C^-Alkoxy, C^-Alkylthiooder C^-Alkylcarbonyl sind; 
und 

AA 3 eine Aminosaure der Formel Alll ist 
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H O 




worin 

R 9 ausgewahlt ist aus der Gruppe, bestehend aus 

(a) Wasserstoff, 

(b) substituiertem C^g-Alkyl, wobei der Substituent ausgewahlt ist aus 

(1) Wasserstoff, 

(2) Hydroxy, 

(3) Halogen, 

(4) -S-C M -Alkyl, 

(5) -SH, 

(6) C^-AIkylcarbonyl, 

(7) Carboxy, 
(8) 



0 
// 

-CNH 2 , 

(9) Ci . 4 -Alkylamino und C A ^-Alkylamino, worin der Alkylrest mit einer Hydroxygruppe substituiert ist, 
und 

(10) Guanidino, und 
(c) Aryl-C 1 . 6 -alkyl, 

worin Aryl wie oben in diesem Anspruch definiert ist und die Arylgruppe gegebenenfalls mono- oder disubstituiert 
ist und die Substituenten jeweils unabhangig voneinander C 1a6 -Alkyl, Halogen, Hydroxy, C-j.g-Alkylamino, C-,. 6 - 
Alkoxy : C 1 . 6 -Alkylthio oder C-,. 6 -Alkylcarbonyl sind. 

Eine Verbindung gemaB Anspruch 3, worin R-j C-,. 3 -Alkyl oder Aryl-C-|. 6 -alkyl ist, wobei Aryl Phenyl, Naphthyl, 

Thienyl oder Benzothienyl ist; 

worin 

R 7 C-,. 6 -Alkyl oder Aryl-C^Q-alkyl ist.. wobei Aryl definiert ist als 

(1) Phenyl, 

(2) Naphthyl, 

(3) Pyridyl, 

(4) Furyl : 

(5) ThienyL 

(6) Thiazolyl, 

(7) Isothiazolyl, 

(8) Benzofuryl, 

(9) Benzothienyl, 

(10) Indolyl, 

(11) Isooxazolyl und 

(12) Oxazolyl, 
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und worin die Arylgruppe der Punkte (1 ) bis (1 2) gegebenenfalls mono- oder disubstituiert ist und die Substituenten 
jeweils unabhangig voneinander C^-Alkyl, Halogen, Hydroxy, C v6 -Alkylamino : C^G-Alkoxy, C 1>6 -Alkylthio oder 
C^-Alkylcarbonyl sind; 

R 8 und R 9 jeweils unabhangig voneinander sind 

(a) Wasserstoff, 

(b) C^-Alkyl, 

(c) Mercapto-C^-alkyl, 

(d) Hydroxy-C^-alkyl, 

(e) carboxy-C^-alkyl, 

(g) Aminocarbonyl-C^g-alkyL 

(h) Mono- oder Di-C^e-alkylamino-C^-alkyl, 

(i) Guanidino-C^-alkyl, 

(j) Amino-C^g-alkyl oder N-substituiertes Amino-C^-alkyl, wobei der Substituent Carbobenzoxy ist, oder 
(k) Aryl-C^e-alkyl, worin die Arylgruppe ausgewahlt ist aus Phenyl und Indolyl und die Arylgruppe mit 
Wasserstoff, Hydroxy oder C 1 . 3 -Alkyl monosubstituiert ist. 

Eine Verbindung gemaG Anspruch 3, worin Ft, C^-Alkyl oder Aryl-C^-alkyl ist, wobei Aryl Phenyl, Naphthyl, 
Thienyl oder Benzothienyl ist; 

R 2 



H4 
-C-R 6 

R 5 



ist, 



worin 



R 4 und R 5 jeweils unabhangig voneinander ausgewahlt sind aus Wasserstoff, Hydroxy oder Fluor; 

R 6 Aryl-C^-alkyl ist, worin die Alkylgruppe mit Wasserstoff, Oxo, C 1 . 3 -Alkyl, Halogen oder Hydroxy substituiert 

ist, 

wobei Aryl ausgewahlt ist aus der Gruppe, bestehend aus 

(1) Phenyl, 

(2) Naphthyl, 

(3) Pyridyl, 

(4) Furyl, 

(5) Thienyl, 

(6) Thiazolyl, 

(7) Isothiazolyl, 

(8) Benzofuryl, 

(9) Benzothienyl, 

(10) Indolyl, 

(11) Isooxazolyl und 

(12) Oxazolyl, 

wobei die Arylgruppe gegebenenfalls mono- oder disubstituiert ist und die Substituenten jeweils unabhangig von- 
einander C, . 3 -Alkyl, Halogen, Hydroxy, C 1 . 3 -Alkylamino, C 1 . 3 -Alkoxy, C 1 . 3 -Alkylthio oder C^-Alkylcarbonyl sind; 

R 7 C^-Alkyl oder Aryl-C^g-alkyl ist, worin Aryl wie oben in diesem Anspruch definiert ist und worin die Aryl- 
gruppe gegebenenfalls mono- oder disubstituiert ist und die Substituenten jeweils unabhangig voneinander 
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C^e-Alkyl: Halogen, Hydroxy, C^-Alkylamino, C^-Alkoxy, C^-Alkylthio oder C^-Alkylcarbonyl sind. 

6. Eine Verbindung gemaB Anspruch 4 oder 5, worin: 

5 R 1 Methyl oder Phenyl-C^-alkyl oder Hydroxyphenyl-C^-alkyl ist; AA-| eine Einfachbindung oder eine Ami- 

nosaure der Formel Al ist 



H O 



10 




R 7 

15 

worin 

20 

(a) C^-Alkyl, 

(b) substituiertes Phenyl-C 1<3 -alkyl, worin der Substituent Wasserstoff, Hydroxy : Carboxy oder C-,. 4 -Alkyl 
ist, oder 

(c) Indolylmethy! ist; 

25 

R 8 C^-Alkyl ist; und 

R 9 

(a) Wasserstoff, 
30 (bJC^-Alkyl, 

(c) Amino-C^-alkyl, 

(d) N-Carbobenzoxyamino(n-butyl), 

(e) Carbamylmethyl, 

(f) lndol-2-ylmethyl oder 

35 (g) substituiertes Phenyl-C 1 . 3 -alkyl ist, wobei der Substituent Wasserstoff, Hydroxy, Carboxy oder C^- 

Alkyl ist. 

7. Eine Verbindung gemafB Anspruch 6, worin 

40 R 6 Phenyl-C-,. 6 -alkyl ist, worin die Alkylgruppe mit Wasserstoff, Oxo, C^-Alkyl, Halogen oder Hydroxy sub- 

stituiert ist, und worin die Phenylgruppe mono- oder disubstituiert sein kann und die Substituenten jeweils 
unabhangig voneinanderC^-Alkyl, Halogen, Hydroxy, C 1 . 3 -Alkylamino, C 1 . 3 -Alkoxy, C-j^-Alkylthio oder ^.3- 
Alkylcarbonyl sind; 

45 

(a) Wasserstoff, 

(b) C^-Alkyl, 

(c) Amino-C^-alkyl, 

(d) N-Carbobenzoxyamino(n-butyl), 
50 (e) Carbamylmethyl, 

(f) lndol-2-ylmethyl oder 

(g) substituiertes Phenyl-C^-alkyl ist, wobei der Substituent Wasserstoff oder Hydroxy ist. 



55 Revendications 

1 . Compose de f ormule (I ) : 
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Rt AAt - AA 2 - AA 3 - N- Y 

ou un de ses sels pharmaceutiquement acceptables, dans laquelle Y represente: 




R 1 represente 

(a) un alkyle en C A a C 6 substitue, dans lequel le substituant est choisi parmi 

(1) hydrogene, 

(2) hydroxy, 

(3) chloro ou fluoro, et 

(b) un aryl-alkyle en a C 6 , dans lequel le groupe aryle est choisi dans le groupe constitu6 par 

(1) phenyle, 

(2) naphtyle, 

(3) pyridyle, 

(4) furyle, 

(5) thienyle, 

(6) thiazolyle s 

(7) isothiazolyle, 

(8) benzofuryle, 

(9) benzothienyle, 

(10) indolyle, 

(11) isooxazolyle, et 

(12) oxazolyle, 

et aryle en C 6 a C 10 mono- et disubstitue comme il est dit ci-dessus dans les points (1) a (12), dans lesquels 
les substituants represented independamment un alkyle en a C 4 , un halo et un hydroxy ; 

R 2 represente H ou le deuterium, 

AAt est independamment choisi dans le groupe constitue par 

(a) une liaison simple et 

(b) un acide amine de formule Al 



H O 
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dans laquelle 

R 7 est choisi dans le groupe constitue par 

(a) hydrogene, 

(b) alkyle en C, a C 6 substitue, ou le substituant est choisi parmi 



(1) hydrogene, 

(2) hydroxy, 

(3) halo, 

(4) S-alkyle en a C 4 , 

(5) -SH 

(6) alkyle en a C 6 -carbonyle 

(7) carboxy, 
(8) 



(9) alkyle en C 1 a C 4 -amino, et alkyle en C-, a C 4 -amino ou la partie alkyle est subtituee par un hydroxy 
et 

(10) guanidino, et 

(c) aryl-alkyle en a C 6 ou le groupe aryle est defini comme ci-dessus dans la presente revendication, 
ou I'aryle est facultativement mono- ou disubstitue, les substituants representant chacun Independamment 
un alkyle en C-, a C 4 , halo : hydroxy, alkyle en a C 6 -amino, alcoxy en a C 6 , alkylthio en a C 6 ou 
alkyle en a C 6 -carbonyle; 

AA 2 est choisi dans le groupe constitue par 

(a) une liaison simple et 

(b) un acide amine de formule All 



dans laquelle 

R Q est choisi dans le goupe constitue par 

(a) hydrogene, 

(b) alkyle en C 1 a C 6 substitue, ou la substituant est choisi parmi 



(1) hydrogene, 

(2) hydroxy, 

(3) halo, 

(4) -S-alkyle en C A a C 4 , 

(5) -SH 

(6) alkyle en C-, a C 6 -carbonyle, 



0 



-CNH 2 
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(7) carboxy, 
(8) 




(9) alkylamino en a C 4 , et alkylamino en C t a C 4 ou la partie alkyle est substitute par un hydroxy, et 

(10) guanidino, et 

(c) aryl-alkyle en a C 6 , 

ou aryle est defini comme ci-dessus dans la prtsente revendication, ou I'aryle est facultativement mono- ou di- 
substitut, les substituants 6tant chacun independamment un alkyle en C 1 a C 6 , halo, hydroxy, alkyle en C A a C 6 - 
amino, alcoxy en C A a C 6 , alkylthio en a C 6 et alkyle en a C 6 -carbonyle. 

Compose selon la revendication 1, dans laquelle 

.AA 3 est choisi dans le groupe constitue par 

(a) une liaison simple, et 

(b) un acide amine de formule AIM 




R 9 est choisi dans le groupe constitue par 

(a) hydrogene, 

(b) alkyle en a C 6 subsitute, ou le substituant est choisi parmi 

(1) hydrogene, 

(2) hydroxy, 

(3) holo, 

(4) -S-alkyle en C 1 a C 4 , 

(5) -SH 

(6) alkyle en C 1 a C 6 -carbonyle, 

(7) carboxy, 
(8) 



-CNH>, 

(9) alkylamino en a C 4 , et alkylamino en a C 4 ou la partie alkyle est substitute par un hydroxy, ou 

(10) guanidino, et 

(c) aryl-alkyle en Cj a C 6 , 
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ou aryle est choisi dans le groupe constitue par 

(1) phenyle, 

(2) naphtyle, 

(3) pyridyle : 

(4) furyle, 

(5) thienyle, 

(6) thiazolyle, 

(7) isothiazolyle, 

(8) benzofuryle, 

(9) benzothienyle, 

(10) indolyle : 

(11) isoxazolyle, et 

(12) oxazolyle, 

ou I'aryle est facultativement mono- ou disubstitue, les subtituants etant chacun independamment un alkyle en 
a C 6: halo, hydroxy, alkyle en C 1 a C 6 -amino, alcoxy en a C 6 , alkylthio-en a C 6 ou alkyle en C A a C 6 -carbonyle. 

Compose selon la revendication 2, dans lequel AA2 est un acide amine de formule All 



H O 




R 8 est choisi dans le groupe constitue par 

(a) hydrogene ; 

(b) alkyle en a C 6 subsitue, ou le substituant est choisi parmi 

(1) hydrogene, 

(2) hydroxy, 

(3) halo, 

(4) -S-alkyle en a C 4 , 

(5) -SH 

(6) alkyle en C-, a C 6 -carbonyle, 

(7) carboxy, 
(8) 



0 




(9) alkyle en a C 4 -amino, et alkyle en a C 4 -amino ou la partie alkyle est substitute par un 
hydroxy, et 

(10) guanidino, et 

(c) aryl-alkyle en a C 6 , 
ou aryle est choisi dans le groupe constitue par 
(1) phenyle, 
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(2) naphtyle, 

(3) pyridyle : 

(4) f uryle, 

(5) thienyle, 

(6) thiazolyle, 

(7) isothiazolyle, 

(8) benzofuryle, 

(9) benzothienyle, 

(10) indolyle, 

(11) isoxazolyle, et 

(12) oxazolyle, 



ou I'aryle est facultativement mono- ou disubstitue, les subtituants etant chacun independamment un alkyle en C- 
a C 6 , halo, hydroxy, alkyle en C t a C 6 -amino, alcoxy en C-, a C 6 , alkylthio-en C 1 a C 6 ou alkyle en a C 6 
carbonyle ; et 



AA 3 est un acide amin6 de formule AIM 




dans laquelle 

R 9 est choisi dans le groupe constitue par 

(a) hydrogene, 

(b) alkyle en a C 6 substitue, ou le substituant est choisi parmi 

(1) hydrogene, 

(2) hydroxy, 

(3) halo, 

(4) -S-alkyle en a C 4 , 

(5) -SH 

(6) alkyle en C 1 a C 6 -carbonyle, 

(7) carboxy, 
(8) 



0 
II 

-CNH 2 , 



(9) alkyle en a C 4 -amino, et alkyle en C A a C 4 -amino ou la partie alkyle est substitute par un 
hydroxy, et 

(10) guanidino, et 

(c) aryl-alkyle en a C 6 , 
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ou aryle est defini comme ci-dessus dans la presente revendication, et ou I'aryle est facultativement mono- ou 
disubstitue, les subtituants representant chacun independamment un alkyle en Cj a C 6> halo, hydroxy, alkyle en 
Cj a examine, alcoxy en Cj a C 6 , alkylthio-en C 1 a C 6 ou alkyle en a C 6 -carbonyle. 

4. Compose selon la revendication 3 dans lequel 

est un alkyle en a C 3 ou un aryl-alkyle en C-, a C 6 dans lequel aryle est un phenyle, naphtyle, thienyle, 
ou benzothienyle ; 

ou R 7 est un alkyle en C A a C 6 ou un arylalkyle en Cj a C 6 dans lequel aryle est defini comme 

(1) phenyle, 

(2) naphtyle, 

(3) pyridyle, 

(4) furyle, 

(5) thienyle, 

(6) thiazolyle, 

(7) isothiazolyle, 

(8) benzofuryle, 

(9) benzothienyle, 

(10) indolyle, 

(11) isoxazolyle, et 

(12) oxazolyle, 

ou I'aryle des composes (1) a (12) est facultativement mono- ou disubstitue, les substituant etant chacun inde- 
pendamment un alkyle en a C 6 , halo : hydroxy, alkyle en a C 6 -amino, alcoxy en Cj a C 6 , alkylthio-en a 
C 6 ou alkyle en a C 6 -carbonyle ; 

R 9 et R 9 sont chacun individuellement un 

(a) hydrogene : 

(b) alkyle en C 1 a C 6 , 

(c) mercapto-alkyle en C1 a C 6 , 

(d) hydroxy-alkyle en C 1 a C 6: 

(e) carboxy-alkyle en C-, a C 6: 

(g) aminocarbonyle-alkyle en a C 6 , 

(h) mono- ou dialkyle en C A a C 6 -amino-alkyle en C 1 a C 6 , 

(i) guanidino-alkyle en C-, a C 6 , 

(j) amino-alkyle en a C 6 ou amidino N-substitue-alkyle en a C 6 ou le substituant est un carbobenzoxy, 
ou 

(k) aryl-alkyle en a C 6 , ou le groupe aryle est choisi parmi phenyle et indolyle, et le groupe aryle est 
mono-substitue par un hydrogene, un hydoxy ou un alkyle en C 1 a C 3 . 

5. Compose selon la revendication 3, dans lequel R t est un alkyle en C 1 a C 3 ou un aryl-alkyle en C-, a C 3 ou aryle 
est un phenyle, naphtyle, thienyle ou benzothienyle ; 

R 2 represente 
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et 

ou R 4 et R 5 sont chacun individuellement choisis parmi hydrogene, hydroxy ou fluor ; 
R 6 est un arylalkyle en a C 6 , 

5 ou I'alkyle est substitue par un hydrogene, oxo, alkyle en a C 6 , halo ou hydroxy, 

ou aryle est choisi dans le groupe constitue par 

(1) phenyle, 

(2) naphtyle, 
10 (3) pyridyle, 

(4) furyle, 

(5) thienyle, 

(6) thiazolyle, 

(7) isothiazolyle, 
is (8) benzofuryle, 

(9) benzothienyle, 

(10) indolyle : 

(11 ) isoxazolyle, et 

(12) oxazolyle, 

20 

ou I'aryle est facultativement mono- ou disubstitue : les substituants etant chacun independamment un alkyle en 
a C 3 , halo, hydroxy, alkyle en a C 6 -amino, alcoxy en C 1 a C 3 , alkylthio-en C A a C 3 ou alkyle en a C 3 - 
carbonyle ; 

25 R 7 est un alkyle en a C 6 , ou un aryl-alkyle en C 1 a C 6 , 

ou aryle est defini comme ci-dessus dans la presente revendication, 

et ou I'aryle est facultativement mono- ou disubstitue, les substituants etant chacun independamment un alkyle 
en a C 6 , halo, hydroxy, alkyle en C 1 a C 6 -amino, alcoxy en C 1 a C 6 , alkylthio-en Cj a C 6 alkyle en C 1 a C 6 - 
30 carbonyle. 

6. Compose selon la revendication 4 ou 5 dans lequel : 

Rt est un methyle ou un phenyl-alkyle en C 1 a C 6 ou un hydroxy-phenyl-alkyle en a C 6 ; 
35 est une liaison simple ou un acide amine de formule Al 



H O 



40 




R 7 

45 

dans laquelle R 7 represente un 

(a) alkyle en C 1 a C 6 ; 

(b) phenyle substitue-alkyle en Cj a C 3 , ou le substituant est un hydrogene, hydroxy, carboxy, ou alkyle 
so en a C 4 ; ou 

(c) indolyl-methyle ; 

R 8 est un alkyle en a C 6 ; et 
R 9 represente un 

55 

(a) hydrogene : 

(b) alkyle en C A a C 6 , 

(c) amino-alkyle en C1 a C 4 , 
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(d) N-carbobenzoxy-amino-(n-buryle), 

(e) carbamylmethyle, 

(f) indol-2-yl-methyle, ou 

(g) phenyle substitue-alkyle en a C 3 , ou le substituant est un hydrogene, hydroxy, carboxy ou alkyle 
en Cj a C 4 . 

Compose selon la revendication 6, dans lequel Rg represente un phenyl-alkyle en C, a C 6 , 
ou alkyle est substitue par un hydrogene, oxo, alkyle en a C 3 , halo ou hydroxy, 

et ou le phenyle peut etre mono- et disubstitue, les substituants etant chacun independamment un alkyle en q a 
C 3 , halo, hydroxy, alkyle en a C 3 -amino, alcoxy en a C 3; alkylthio en a C 3 , ou alkyle en d a C 3 - carbony le ; 

R 9 represente un 

(a) hydrogene, 

(b) alkyle en a C 6 , 

(c) amino-alkyle en C-, a C 4 , 

(d) N-carbobenzoxy-amino- (n-butyle), 

(e) carbamylmethyle, 

(t) indol-2-yl-methyle, ou 

(g) phenyle substitue-alkyle en C, a C 3 , ou le substituant est un hydrogeneou un hydroxy 
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